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© A novel family of high affinity, modified antibodies for cancer treatment 

© This invention concerns a family of chimeric antibodies with high effinkes to ^^ m ^ e ~ , ^? n h ** ^ 
associated sialylated glycoprotein antigen (TAQ72) of human origin. These ^bodies £^41™ aHmrty 
eS V„ and V L sequences which mediate TAG-72 binding and (2) human Ch and ^^^^ 
to produce significantly fewer sidsHrifects when administered to human patients by virtue of their human Ch and 
^SyTma^The nucleotide and amino acW sequences of V^TAG V„ CC46 V -^ 9 -^-^ 
CC92 V„. and CC49 L . CC83 V u and CC92 V L Idiotype sequences are disclosed, as well as In vivo methods of 
treatment and diagnostic assay using these chimeric antibodies. 
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A NOVEL FAMILY OF HIGH AFFINITY. MODIFIED ANTIBODIES FOR CANCER TREATMENT 

This invention relates to the field ol Immunoglobulin production and modifications to naturally occurring 
antibody amino acid sequences. Specifically, the Invention relates to using recombinant DNA techniques to 
produce chimeric genes and to take advantage of these gene modification techniques to construct chimeric 
antibodies. 

5 Antibodies are specific hnmunoglobuBn (tg) polypeptides produced by the vertebrate Immune system in 
response to challenges by foreign proteins, glycoproteins, cells or other antigenic foreign substances. The 
sequence of events which permits the organism to overcome Invasion by foreign celts or to rid the system 
of foreign substances is at least partially understood. An Important part of this process Is the manufacture of 
antibodies which bind specifically to a particular foreign substance. The binding specificity of such 

to polypeptides to a particular antigen is highly refined, and the multitude of specificities capable of being 
generated by the Individual vertebrate Is remarkable in Its complexity and variability. Millions of antigens are 
capable of eliciting antibody responses, each antibody almost exclusively directed to the particular antigen 
which elicited It. 

Two major sources of vertebrate antibodies are Presently utllized-generation In situ by the mammalian 
is B lymphocytes, and generation in cell culture by B-cell hybrids. Antibodies are generated in situ as a result 
of the differentiation of immature B lymphocytes into plasma cells, which occurs In response to stimulation 
by specific antigens. In the undifferentiated B celts, the portions of DNA coding for the various regions on 
the immunoglobulin chains are separated in the genomic DNA. The sequences are assembled sequentially 
prior to expression. A review oz this process has been given by Gough, Trends tn Blochem. Set. 6. 203 
zo (1981). 

The resulting rearranged gene is capable of expression in the mature B lymphocyte to produce the 
desired antibody. However, even when a particular mammal is exposed to only a single antigen a uniform 
population of antibodies does not result. The in situ immune response to any particular antigen is defined 
by the mosaic of responses to the various determinants which are present on the antigen. Each subset of 
as homologous antibodies Is contributed by a single population of B cells-hence In situ generation of 
antibodies Is "polyclonal". 

This limited but inherent heterogeneity has been overcome In numerous particular cases by use of 
hybridoma technology to create "monoclonal" antibodies in eel! cultures by B cell hybrid omas [See Kohler 
and Milstein. C, Nature 256, 495-497 (1975)). 

30 In this process, the relatively short-lived, or mortal, splenocytes or lymphocytes from a mammal which 
has been Injected with antigen are fused with an immortal tumor cell line, thus producing hybrid ceils or 
"hybridomas* which are both immortal and capable of producing the genetically coded antibody of the B 
cell. The hybrids thus formed are segregated into single genetic strains by selection, dilution, and regrowth. 
and each strain thus represents a single genetic line. They therefore produce antibodies which are assured 

35 to be homogeneous against a desired antigen. These antibodies, referencing their pure genetic parentage, 
are called "monoclonal". 

Monoclonal antibodies with mono-specificity have greatly Influenced immunology, and their usefulness 
has already been demonstrated In such sciences as biotogy. pharmacology, chemistry and others. Such 
monoclonal antibodies have found widespread use not only as diagnostics reagents [see. for example, 

40 immunology for the BO'S, Eds. Voller. A., BartJett A., and Bidwell, D„ MTP Press, Lancaster, (1831), but 
also therapy (see. for example, Ritz. J. and Schlossman. S.F., Blood 59. 1-11, (1982)). 

Monoclonal antibodies produced by hybrid omas. while theoretically effective as discussed above and 
clearly preferable to polyclonal antibodies because of their specificity, suffer from an important disadvan- 
tage. In many applications, the use of monoclonal antibodies produced In non-human animals is severely 

45 restricted where the rrorxxJona) antibodies are to be used In humans. Repeated Injections of a foreign" 
antibody in humans, such as a mouse antibody, may lead to harmful hypersensitivity reactions. Such a non- 
human derived monoclonal antibody, when injected into humans, causes a anti-nonhuman antibody (AN HA) 
response. For a discussion of a specific AN HA response caused by using murlne-derived antibodies, 
human anti-mouse antibody (HAMA) response, see Shawter et el. Journal of immunology 135, 1530-1535 

so (1985). 

ft is betteved that animal Immunoglobulins having human constant regions will generate less of a ANHA 
response when Injected Into humans than animal immunoglobulins having nonhuman constant regions. As 
such, monoclonal antibodies having good binding affinities for selected antigens and having human constant 
region* are thought to possess great potential utiDty for immunological diagnosis and therapy of human 
patients with cancer. 
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Various attempts have «> far been made to manufacture ^^^^^^^^ 
human hybridomas. For example, human-human hybridomas [CMsson. L at a!.. Proc.NatUcatt.Sci. (USA). 
TS* humarwnurme hybridomas [(Schlom, J., et aL (Aftft 77. 6841 (1980)] and several oU^ 
Oogenic hybrid combination have been prepared. Human monoclonal antibodies have also been 
6 produced by transformation of rymphocytes using Epstein-Barr virus. However, su<* hybrWomes may 
DOtentialty harbor pathogenic human viruses. Alternatively, primary, antibody producing B cells have been 
JnmortaJked in vitro by transformation with viral DNA. Unfortunately, yields of monoclonal antibodies from 
human hybridoma cell Ones are relatively tow (1 ug/mL In human compared to 100 ug/mL In mouse 

hYbridomas). and production costs are high. , . ^ 

to While human Immunoglobulins are highly desirable in immunological diagnosis and therapy of human 
cancer patients, human hybridoma techniques have not yet reached the stage where human "wncclonal 
eSieTwrth required antigenic spectres can be easily obtained. In addition, ft* 
reasons researchers can not Immunize human subjects with selected toxic or otherwise deleterious 
antigens to generate antibodies against the specific antigen. This Imposes great restrictions on rm- 
ib munotogical diagnosis and therapy of human patterns. Iftflfflriant In 

^he production of hurnan^erived monoctonal antibody is eartndy ^possible, but stn i^ffldem n 
view of Its low reproducibility and the other problems noted above. Additionally, see Nature 300. 316-317 
(1982)1. Consequently, most monoctonal antibodies are derived from non-human animals. 

A monoclonal antibody which reacts with high binding affinity to human tumor antigens, but which Is not 
recognized as a foreign substance by humans is highly desirable. A method to overcome th.s d.fficulty .s to 
create artificially an antibody which i. very similar to a human antibody and is not recogmzed as a fore.gn 
substance within the human body. I.e.. a chimeric, or "humanized" antibody. . . ^ a 

Typically in chimeric antibodies, the variable region of both light and heavy chains m.m.cs the variable 
regions* antibodies derived from one species of mammals, while the constant portions are hom*g» £ 
me sequences in antibodies derived from humans. One clear advantage to such chimeric forms is thaUor 
exarn^e. the variable regions can conveniently be derived from presently known sources using read.* 
available hybridomas of B cells from norrtwman host organisms In combmaton with constant regions 
derived from, for example, human cell preparations. While the specificity of the vanbie reg.on "^'^ 
by Its source, the constant region being human. Is toss likely to efictt an Immune response from a human 
subject when the antibodies are injected than would the constant region freer > ai ™n^nan_ ^ 
One known human tumor antigen is tumor-associated glycoprotein (TAG72). TAQ72 is assocMed wtth 
the surface of certain tumor cells of human origin, specifically the LS174T ^ «JM ^ 17 £ 
[L*ican Type Culture Collection (herein ATCC) No.CL 1881 * a variant of the LS180 (ATCC No. CT 187) 

^^a^TliT 7 4T is similar to that of LS180 wHh a missing X chromosome £ . » «^ tha 
cells. Datohas been presented as described In Johnson. V.G. et aL. Cancer Res 46. 850-857 ( 886 to 
characterize the TAG72 molecule as a mucin. This conclusion is based on the followingobservations. (a) 
TAG72 has a high molecular weight f>1 x 10<) as shown by Its exclusion frc^ a SephBrase^ a-4B 
column; (b) the density of TAG72 determined by equilibrium centrifugabon ,n CsCI «ai M.45 gnVmU 
indicating a heavily glycosylated glycoprotein; (c) TAG72 demonstrates a change in Ration after 
neuraminidase digestion, indicating that ft Is a heavily sialylated molecule with an abundance o 10- 
glycosldically linked oBgosaccharides characteristic of mucins; (d) ^W***™ TJ^llZw 
mucins are found on affmity-purffied TAG72; and (e) ChondroWnass iA£C ' 
thus demonstrating that the TAG72 epitope Is not expressed on a chondroWn ^sulfate P^ ,vC ^ • 
4s Numerous murine monoclonal antibodies have been developed which have JWndlng spsM to 
TAG72. One of these monoclonal antibodies, designated B72.3. Is a murine IgGI produced by hybndoma 
K No. HB*108). B72* Is a first generation ^^J^f T^fMik ZZ 
breast carcinoma extract as the tmrrumogen (see Coteher. D. et aL. ProcNatL Acad.Sd. (USA) 
3209 (1981); and U.S. Patents 4.522*18 and 4.612.282). As used herein, the expression -first genera^ 
so mcmodonal antibody- means a monoclonal antibody produced using, as the immunogen. a crude ceB 

monoclona! antibodies directed against TAG72 are destariated '^^^^T 
octonal antibodies am a family of second generation murine monoclonal ««bodtaJto ^ *• < 
Z£w*n second generation monoctonal antibody- means a n^octonal antibody P"*"**^ » me 
a, ZZoen, an antigw purified with a first generation monoctonal antibody. CC ™^^^^^ we ™ 
pTpa^ing TAOT purrftod with B72.3. A discussion of the method for Productng the CC ^bodies is 
in lUd StatosWem AppBcetion .7-073,685 (USPA 7-073385). the wn^was^by 
Schlom et aL on July 15, 1987 and Is available to the public from the National Technical Information 
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Service Because of their relatively good binding affinities to TAG 72, me following CC antibodies have been 
SadTthe ATCC, wtth restricted access having been requested: CC49 (ATCC No. HB 9459); CC83 
(ATCCNo. HB 9453); CC46 (ATCC No. HB 9458); CC92 (ATCC No. HB 9454); CC30 (ATCC NO. HB 9457); 
CC11 (ATCC No. 9455); and CC15 (ATCC No. HB 9460). TJ4 ^, 
5 in the known art no human antibody has been isolated which relatively strongly binds to TAG72- 
Consequeritfy, suitable antibodies must be engineered. 

It Is known that the function of an Ig molecule is dependent on Its three dimensional structure, which in 
turn Is dependent on its primary amino acid sequence. Thus, changing the amino add sequence of an Ig 
may adversely affect its activity. Moreover, a change In the DNA sequence coding for the Ig may affect the 
to ability of the cell containing the DNA sequence to express, secrete or assemble Ig. 

USPA 7-073.685 teaches that the CC antibodies may be altered into their chimeric form by substituting, 
en human constant regions (Fc) domains tor mouse constant regions by recombinant DNA techniques 
known in the art It is believed that the proposals set out in USPA 7-073385 did not lead to an actual 
attempt to express any chimeric Ig polypeptide chains, nor to produce Ig activity, nor to secrete and 
15 assemble Ig chains into the desired chimeric Igs. 

It is therefore not at all dear from the art that known recombinant DNA techniques will routinely produce 
a chimeric animal-human antibody from selected DNA sources that generate functional chimeric antibodies 
which bind spedficaily to selected human carcinomas and which reduce the Initiation of ANHA side-effects 

when injected into" humans. , . . 

Suprisfngry, the present invention is able to meet many of these above mentioned needs and provides a 
method for supptylng the desired antibodies. For example, the present Invention provides a method to fuse 
genes coding for at toast a part of en animal Ig which binds to human carcinomas expressing TAG72 and 
genes coding for at least part of a human kj. Aiso the present invention can provide a method to achieve 
expression of protein which can be secreted and assembled to give a functional chimeric antibody. 

Further the present invention provides an expression vector containing a DNA sequence which encodes 
antibodies end portions thereof which are directed against TAG72. 

The present invention also provides cells transformed with expression vectors containing a DNA 
sequence which encodes antibodies and portions thereof which are directed against TAG72. 

Finally, the present invention provides novel antibodies tor use In In vivo diagnostic assays; In vivo 

x> therapy; and radioimmunoguided surgery. 

Consequently, this invention concerns an antibody or antibody fragment comprising a variabte region 
having a light chain (VJ and a heavy chain <V„). said V„ being encoded by a DNA sequence effectively 
homologous to the V^TAO germline gene (Vh«TAG), as shown * Figure 2. ^^ 8 J? n ? )le K ^ 
binds to TAG72 at least 25% greater than the variable region of B72.3 binds to TAG72. with the binding 
38 affinities of the antibody and B72.3 being measured by the same technique. 

This Invention also concerns a DNA sequence encoding at least a portion of an antibody heavy chain, 
said sequence comprising a DNA sequence segment being effectively homologous to the VhoTAG germane 
gene (V^TAG). wherein the DNA sequence segment encodes at least a portion of a heavy chain variable 
region (Vm). 

40 Further, the invention concerns a DNA sequence comprising: 

(A) a sequence segment encoding lor a heavy chain, said sequence segment having 

(1) a sequence subsegment being effectively homologous to the V«aTAG germline gene 
(VhctTAG), wherein the DNA sequence segment encodes at least a portion of a VH. and 

(2) a sequence subsegment encoding for at least a portion of a C M ; and 

45 (B) a sequence segment encoding tor a light chain, said sequence segment having 

(1) a sequence subsegment encoding for at least a portion of an animal light chain variable region 

<Vl) ' /a e sequence subsegment encoding for at least a portion of a human Dght chain constant region 

(CJ, wherein the antibody encoded by the DNA sequence binds to TAG72 at Ie*st25% flMr Am- the 
so variable region of B75L3 binds to TAGB7* with the binding affinities of the antibody and B72.3 being 

measured by the same technique. . . 

The invention further Includes the aforementioned antibody alone or conjugated to an Imaging marker or 

therapeutic agent The invention also Includes a composition comprising the aforementioned antibody in 

urxxyihwated or conjugated form in a pharmaceutical^ acceptable, non-toxic sterile carrier. 

« Theinvention Is also directed to a method for In v/vo diagnosis of cancer which comprises admiraster- 

fng to an animal a pharmaceutical* effective amount of the aforementioned composition for the to situ 

detection of carcinoma lesions. 

The Invention fs also directed to a method for intraoperative therapy which comprises (a) administering 
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to an animal a pharmaceutic^ effective amount of the aforementioned composfton. whereby.the tumors 
are focalized, and (b> excision of the localized tumors. 

Additionally, the Invention also concerns process for preparing the various antibodies or a"™*/ 
fragments, their conjugates, a suitable recombinant expression vehicle, and the insertion Into a suttabte 
host Some of these processes are expressed as follows. A process for preparing an antibody or antibody 
fragment comprising contacting a V H region with a V L region to form a variable region of the anti-body or 
antibody fragment A process for preparing an antibody or antibody fragment conjugate comprising 
contacting an antibody or antibody fragment wfth an imaging marker or therapeutic agent A process for 
preparing a recombinant expression vehicle comprising Inserting a DNA sequence Into an expression 
vehicle. A process for preparing a transformed host comprising inserting the plasmkJ into a suitabtehost 

In other aspects, the Invention Is directed to DNA which encodes the aforementioned antibodies ana 
fragments thereof, as well as expression vectors or plasmids capable of effecting the production of such 
Immunoglobulins in suitable host cells. It includes the host cells and cell cultures which result from 
transformation with these vectors. 
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Description of the Drawings 

Figure 1 Illustrates a basic immunoglobulin structure, with the enzymatic cleavage sites being 
intfcatf^Q^re 2 illustrates the nucleotide sequences of V^TAQ V M . CC46 V H . CC49 V«, CC83 V« and CC92 
VH ' Figure 3 illustrates the amino add sequences of V„«TAG V M . CC46 V H . CC49 V„. CC83 V H and CC92 

k Figure 4a illustrates the nucleotide sequence and Figure 4b Illustrates the corresponding amino add 

sequence of the CC49 V L . , 

Rgure 5a Illustrates the nucleotide sequence and Figure 5b illustrates the corresponding amino aad 

sequence of the CC83 V t . . . 

Figure 6a illustrates the nucleotide sequence and Rgure 6b illustrates the corresponding ammo aad 

X S ^ f ^^TllS2ates the nudeotide sequence of the Hind m-Pst I fragment isolated from the plasmid 
pGD1. 

Figure 8 illustrates the plasmid map of the pBLUESCRlPT SK(-). 

Figure 9 illustrates the plasmid map of the pRL101. ol < M 

38 Figure 10 'illustrates a restriction enzyme map of the CC49 L chain genomic DNA insert in pRL101. 

Rgure 11 illustrates the plasmid map of the pRL200. 

Rgure 12 illustrates a restriction enzyme map of the CC83 L chain genomic DNA Insert in pRL200. 
Rgure 13 illustrates the nucleotide sequence of the Eco n\-Bam HI fragment isolated from the 
plasmid pNP9. 

40 Rgure 14 Illustrates the plasmid map of the pHH49. 

Rgure 15 Illustrates the plasmid map of the pHS83. 

Rgure 16 shows the nucleotide sequence of CC49 V„. with the undertined segments showing the 
seauences derived using oligonucleotide primers on mRNA. 

Rgure 17 shows the nucleotide sequence of CC83 V H , with the underlined segments show the 
45 seauences derived using oligonucleotide primers on mRNA. 

Rgure 18 shows the amino add sequence of CC49 V H , with the underlined segments show the 

"^H?^^ of CC83 V, wtth the undertined segments show the 

CC83 antibody. _ ~ M 

Figure 21 illustrates the restriction enzyme map of human gamma 1. gamma 2. gamma 3. and 

gamma 4. 

Rgure 22 Illustrates the plasmid map of pSV2gpt/R/B. 
65 Rgure 23 Illustrates the plasmid map of pSVZgpM-7.8, 

Rgure 24 illustrates the plasmid map of oSV2gpH1-23. 
Rgure 25 Illustrates the plasmid map of pSV2gpH2. 
Rgure 26 Illustrates the plasmid map of pSV2gpt-y3. 
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Figure 27 illustrates the plasmid map of pSV2gpt-yi. 
Figure 28 illustrates the plasmid map of p49y1-7A 
Figure 29 Illustrates the plasmid map of p46y1-2.3. 
Figure 30 Illustrates the plasmid map of p49-y2- 
Figure 31 Illustrates the plasmid map of p49-jf3. 
Figure 32 Illustrates the plasmid map of p49-y4. 
Figure 33 Illustrates the plasmid map of p837l-7.a 
Figure 34 illustrates the plasmid map of p83? 1-2-3- 
Figure 35 illustrates the plasmid map of p83-r2. 
Figure 36 illustrates the plasmid map of p83-r3. 
Figure 37 Illustrates the plasmid map of p83-r4. 

Figure 38 illustrates the overall reaction for the engineering of hybrid genes based on the method of 
Horton et al.. Gene 77, 61 (1888). 

Figures 39 A. 39B. and 39C show the biodistribution and whole body retention of CH44-1. 

Figures 40A and 40B show the biodistribution and whole body retention of CH84-1 . 
The immunoglobulin of this Invention have been developed to address the problems of murine 
monoclonal antibodies disclosed In the prior art. It is characterized by having a chimeric structure 
composed of a heavy chain variable region encoded by DNA derived from the VhotTAG. 



Definitions 

As used herein, "immunoglobulin' refers to a tetramer or aggregate thereof whether or not specific 
immunoreactive activity Is a property. "Antibodies" refers to such assemblies which have significant known 
specific immunoreactive activity to an antigen, comprising Dght and heavy chains, with or without covalent 
linkage between them: "Non-specific Immunoglobulin" ("NSI") means those immunoglobulins which do not 
possess known specificity to an antigen. 

The basic immunoglobulin structural unit in vertebrate systems is relatively well understood [Edelman, 
G.M., ArtnMYAcBdScL 190. 5 (1971)1- As seen in Figure 1, the units are composed of two Identical light 
polypeptide chains of molecular weight approximately 23.000 daltons. and two identical heavy chains of 
molecular weight 53,000-70,000. The four chains are joined by disulfide bonds In a "Y" configuration 
wherein the light chains bracket the heavy chains starting at the mouth of the Y and continuing through the 
diversity region. 

Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, with some subclasses among them. 
The nature of this chain, as It has a long constant region, determines the "class" of the antibody as IgA, 
tgD. IgE, IgO or IgM. • 

Light chains are classified as either kappa (k) or lambda (X). Each heavy chain class may be bound with 
either a kappa or lambda fight chain. In general, the light and heavy chains are covalently bonded to each 
other, and the tail" portions of the two heavy chains are bonded to each other by covalent disulfide 
linkages when the immunoglobulins are generated either by hybridomas or by B cells. However, if non- 
covalent association of the chains can be effected In the correct geometry, the aggregate of non-disulfide- 
finked chains will stilt be capable of reaction with antigen. 

The amino acid sequences run from an fsMermlnus at the forked edges of the Y to the Oterminus at 
the bottom of each chain. At the N-termlnus Is a variable region and at the Oterminus Is a constant region. 

The terms "constant" and "variable" are used functionally. The variable regions of both Dght (VJ and 
heavy (V«) chains determine binding recognition and specificity to the antigen. The constant region domains 
of Dght (CO and heavy (Cm) chains confer Important biological properties such as antibody chain associ- 
ation, secretion, transplacental mobility, and complement binding. 

The variable region (s Inked In each chain to the constant region by a linkage BnWng the V gene 
sequence and the C gene sequence. The linkage occurs at the genomic level, combining nucleotide 
sequences via- recombination sites. The linking sequence Is known currently as a "J" sequence in the fight 
chain gene, which encodes about 12 amino acids, and as a combination of a - D" sequence and a M" 
sequence in the heavy chain gene, which together encode approximately 25 amino acids. 

"Chimeric antibody* for purposes of this invention refers to an antibody having In the heavy chain a 
variable region amino acid sequence encoded by a nucleotide sequence derived from a murine germ line 
gene and a constant region amino acid sequences encoded by a nucleotide sequence derived from a 
human gene. 

However, the present Invention is not intended to be narrowly limited to merely substituting human C 
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oenes sequences encoding Immunoglobulin constant regions for murine C gene sequences enco^ng 
IrZnc^^cor^ regions Thus the present invention is not limited to whether or not the fusion cent 

" ^r^^XTfl is now possible to produce aitered chimeric antibodies = e 
chimericl*T>odies. and fragmented chimeric antibodies encoded by nudeot.de sequences disclosed 
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•Composite- immunoglobulins comprise polypeptide variable regions not hitherto found associated wrth 
each otherin nature. It is not critical whether any of the above are covaterrtty or noncovatenUy aggregated, 
so long as the aggregation is capable of selectively reacting with a particular antigen or antigen family. 

-Wed aXdtes 1 means antibodies wherein the amino add sequences, particularly In the vaneble 
region, has been varied. Because of the relevance of recombinant DNA techniques to this inventon. one 
r^d not be confined to *e amho acid sequences of antibodies selected from ^J^^T^J^ 
sequences of the antibodies can be redesigned to obtain desired characteristics. The poZMe vart^onsare 
many and range from the changing of just one or a few amino adds to the complete redes.gn of an 
antibody variable and/or constant region. i.™-.,*.*-- 
Ganges In the variable region wlil be made in order to improve the antigen binding <*«*"^ 
Changes in the constant region will. In general, be made in order to ^l***^.*™** 
cha^teristics. such as complement fixation, interaction with membranes, and other * n .^ 
Orations, can be made by standard recombinant te*rrrdques c ^^^ M^Tl 
mutagenesis techniques IDalbadie-McFarland. et al. Proc*etLAcad.Sci.(U$A) 79. 6409 (1982)]. 

-Fragments" of immunoglobulins include segments of proteolytically^eaved or rec^bir^tiy-prepared 
portionsTan antibody mdecute that are capable of selectively reacting wtth a, or arrtpen 
family. Nonlimiting examples of such proteolytic and/or recombinant fragments .r^uo^ Fab F(ab h . 
and -Fab'", withlheir proteolytic cleavage sites being shown in Figure 1: as welles 
tediniques for producing Fv fragments are set forth in WO 88/01649, WO 86*6630. WO 88/07085. WO 



^TtMs^ * meant to Indude bovine s. Pordne. rodents, and primates, including 

humans^o^rs^^ ^ a doflnftion of any DNA sequence which is capable of effecting 

expression of a specified DNA code in a suitable host is induded in this term As 
aTfrequentfy in the form of plasmids; thus "plasmld' and "expression vector' are often used .^erchange- 
aWy. However, the Invention is intended to include such other terms of expression vectors which serve 
equivalent functions and which may. from time to time, become known in the art 

By ^transformation- Is meant the Introduction of DNA Into a redpient host cell that changes the 
□enolype and consequently results in a change in the recipient cell. , to ^ n 
^Host cells' refers to cells which have been recombinant transformed with vectors constructed usmg 
recombinant DNA techniques. As defined herein, the antibody or modification thereof produced by a host 
cell Is by virtue of this transformation. » a ™ «/^n» «nri 

in descriptions of processes for Isolation of antibodies from recombinant hosts, the terms cell and 
« -call cuL-^usedinto^hangeably to denote the source of antibody unless ins cle^jpedfied 
otherwise. In other words, recovery of antibody from the -cells" may mean either from spun down whole 
cells, or from the cell culture containing both the medium and the suspended cells. 



«s Abbreviations 



Nucleic adds, amino adds, peptides, protective groups, active groups ,^J^ fl ^^ S ; ™T> 
abbreviated, are abbreviated according to the IUPACIUB (Commission on Biological Nomenclature) or the 
practice in the fields concerned. The following ere examples. 



60 



Reagents 

EDTA: Ethylenediaminetetraacette add 
55 SDS: Sodium dodecytsutfate 

Nucleic Adds 
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RNA: Ribonucleic acid 
DNA: Deoxyribonucleic add 



Nitrogenous Bases 


Purines 


Pyrimidines 


A: Adenine 
G: Guanine 


T: Thymine 
C: Cytosine 
U: Uracil 



Both DMA and RNA contain long chains of phosphoric acid, a sugar, and nitrogenous bases. DNA Is a 
double stranded helix, wherein the sugar Is 2-deoxyribose. whereas RNA Is single stranded, wherein the 
sugar is D-ribose. The four nitrogenous bases which characterize DNA nucleotides are linked in com- 
plementary pairs by hydrogen bonds to form the double helix of DNA: adenine Is linked to thymine; guanine 
is linked to cytosine. In RNA, uracil Is substituted for thymine In the listed DNA pairs. 



Amino Acids 

20 

Gly: glycine 
Ala: alanine 
Phe: phenylalanine 
Tyntyroslne 

25 Val: valine 
Leu: leucine 
lie: isoteucine 
Ser. serine 
Asp: aspartic acid 

» Lys: lysine 
Arg: arginine 
His: histidine 
Thr. threonine 
Cys: cysteine 

as Met: methionine 
Glu: glutamic acid 
Trp: tryptophan 
Pro: proline 
Asn: asparagtne 

40 Gin: glutamfne 



Variable Region 

The DNA encoding the heavy chain consists of a V M gene sequence, a Dm gene sequence, and a J H 
45 gene sequence. The DNA encoding the* light -chain consists of a V t gene sequence, end a Jt gene 
sequence. 



V M Gene Sequence 

60 The present Invention Is directed to selected chimeric antibodies having the V„ region encoded by a 
DNA sequence derived from a germUrw gone that Is specifically reactive against TAG72 (Vh-TAG), the 
sequence of which Is set forth In Rgure 2. The chimeric antibodies are selected on the basis of their ability 
to bind TAG72, namely wherein the variable region binds to TAG72 at toast 25 percent greater than the 

65 variable region of B72.3 binds to TAG72. Generally, the binding affinities of the chimeric antibody and 
B723 ere measured by the same technique. Exemplary techniques for measuring antibody binding affinity 
ere set forth in the following references: Scatehard a. Annals of the KY. Acad, of Sciences 61, 680 
(1949); Steward M.W., and Petty, R.E., Immunology 23, 881 (1972); Muraro, R-.etaL, Cancer Research 
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48.4588(1888); «nd Heyman. B.. J. el Immunol. Methods 68. 193-204 (1984) niril!oMe 
-H,™!" wiQapprecMe that, as a result of the present invention. 

sequence, encoded by) the V*>TAG. thepresent inve^on . In^d« Mo 
«ffBc«vetv homoloQous nucleotide sequences end correspondlna amino end sequences. 
•E«"^rt?r to Identity or near ft** of nucleotide or «*» add 
Wsdsdowre it wffl be understood that minor sequence variation can exist wrthin homologous sequences 
and thai any sequences exhibiting at teast 80* homology we deemed equivalent. 

Z»k«vTe«Kessed at tte traction or percentage of matching bases (a amino adds) after two 
J^toJX^Ll length) have beenaBgned. The term alignment Is used In the sense defined 
£ S tt^^£m£*m of their bco^The Time Warps. String Edte. and Macromolecuto 

lS^ttG^~'iSStt*S^E** matching bases (or amino ^between to too 
S with the InssrL of a minimal number of -Wank- or 'nun' bases Into either sequence to bring 

SZZZZZ*. nucleotide mlsmafches can occur a, the »H lor wobble 
wHhoS. cTn, amino acid substHuBon. in the final polypeptide sequence. Also, rmnor 
SoTtersubstitutions. Insertion, or deletions) in certain regions of the gene sequence can be .touted 
aTc^ed insigniH^nt wherever such modifications result in changes ^^d^nc^ do 
net alter hjncttonality ot the final product. It has been shown that chemically syr.thes.zed coplesol whole or 
^.^Clcescan J*, the corresponding regions in the nature, gene wthou. loss of gene 



25 



"mologs of specific OKA sequences may be Identified by those MM In the a* lusing the test of 
cros^yb^onrf nucleic adds under conditions of stringency as I. w.0 understood «jh. .Mas 
described In Nudelc Add Hy bridization , Hemes and Wggens (eds.j. IRL Press. Oxford. UK (198S». Given 
^^ttis^orEm . are availab le for computing their homology: e.g. Needleham and Wunsch. 
EoZT^S^ and Sankofl and Knjskal (dted above) Pg. 23-^ Also commercial 
Ss axelvaitable for performing such comparisons, e.g. WelligeneUcs. Inc. (Palo Alto. CA). 



ro D M and Jh Gene Sequences 

The Dm and J H gene segments exist tn venous types. although the type of D or J gene segment 
select "erfflea, to the invention. That Is the * and J H may be derived from any an,mal. Purred 
mTc. and humans. Obviously, human „ andto Jh gene »»"«ls» P""*"*"^ 
is but the invention Is not so limited If a D or J gene segment from another animal spedes prov.de. an 

^^^•rnd^rel^ for* ,n -Organic, Sb^ctore ^ A^mb, £ 
Characterization of Embryonic and Rearranged J and D Genes" by Ravetch et el.. Cell, 27, 583 (1981). 

<s 

V. and A Gene Sequences 

" Generallv any V. and Jv gene sequences may be employed that encodes a portion of a i V L which Is 
*J££Z!Z meT„ encoded by a nucleotide sequence effectively homologous to V^TAG. By 
^nZ^"n«La vTtot binds to the V„ and which yield, an antibody variable region having . 
bST^7o. TZt 25% ^ the* B72.3. as measure by any standard technique for measuring 

^C^ofTST* gen. segment .elected Is no. criucal to the rnventtor. The. ^«-*™» 
be o^edfrom ertmaLPwferred animals Include mice and humans. Obviously, human 

aTr-rticularty prefer^, but the Invention Is not so Omhedif a J L gene »gment from 
Brother spedes provides an Important property. to. Increased binding to ™ a7Z - DNA 
Mu*»T\ sequences areaetforthlnen article tmed"The nudeoUde Sequence ot a 5.5-lcllobase ONA 



SO 
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Seqment Containing the Mouse Kappa Immunoglobulin J and C Region Genes" by Max. et el. in J&oL 
Ch*m 256. 5116-5120 (1981). Human \ sequences are set forth In an article titled "Ewluti^ Hurn^i 
jmrnur^oglobunn K J Region Genes" by Heifer et el- In The Journal ofBiologlcal Chemistry 357(2). 1516- 
1522 (1882). 

Derivation of Variable Regions 

Given the above teachings. It now becomes possible to derive numerous specific embodiments of 
antibody variable regions within the scope of the present invention, I.e., having effectively homologous V„ 
sequences to V„aTAG and binding to TAG72 et least 25% greater than the variable region of B72.3 binds 
to TAG72, with the binding affinities of the antibody and B72.3 being measured by the same technique. 
Several possible techniques are set forth below. 

Naturally-Produced Variable Regions 

In response to an immunogen. TAG72, an Immunized animal will expand selected antibody producing B 
cells. The variable region of antibodies produced by the B cells will be encoded by rearranged eermhne 
heavy and tight chain DNA. For example, the rearranged germllne heavy chain will Include the V. D, and J 
gene segments including the leader sequence, as wefl as any introns which may be subsequently removed. 
The light chain coding DNA win include the V and J gene segments including the leader sequence, as wen 
as any Introns which may be subsequently removed. 

Variability may result from somatic mutations occurring in a B <ell during productive rearrangement of 
the VhoTAG. These somatic mutations are nucleotide changes that may or may not result In an amino add 
change that afters the activity toward TAG72 of the productively rearranged V H . 



Screening Techniques 



so 



Monoclonal or polyclonal antibodies may be Screened to determine which of said antibodies Selectively 
bind to TAG72. Such screening may be accomplished by any of a number of welHcnown procedures, such 
as solid-phase radioimmunoassay. enzyme-linked Immunosorbent assays, resetting assays and blocking 
assays. The above-described procedures are well-known in the art 
35 The nucleotide sequences of encoding variable regions of antibodies produced from the productive 
rearrangement of the V^TAG have now been obtained. In addition to the nucleotide sequence of V^TAG. 
Figure 2 also shows the nucleotide sequences encoding the heavy chain variable regions ot CC46. CC49. 
CC83 and CC92 antibodies, respectively. Figure 3 shows the amino acid sequences of V^TAG V H . CC48 
Vu CC49 Vu. CC83 V M . and CC92 V H , corresponding to the nucleotide sequences set forth In Figure 2. A 
40 comparison of the nucleotide and amino acid sequences of V^TAG V„, CC4B V„. CC48 V„. CCB3 V„ end 
CC82 Vm shows a most striking feature, namely that the chains have extraordinary similarity. 

The relative similarity of the DNA encoding the CC46 V H . CC49 V* CC83 V H . and CC92 V H regions. 
Particularly in the 5 flanking segment proves that those DNA sequences are derived from Vh-TAG. 
Somatic mutations occuring during productive rearrangement of the V H region gene to be expressed in a B 
«s ceil give rise to some nucleotide changes' that may or may not result in a homologous amino actd change 
between two productively rearranged VnaTAG producing hybridomas. . ^ 

The nucleotide sequences and corresponding amino add sequences of CC48 V L ere shown mRgures 
4a and 4b, respectively. The nucleotide sequences and corresponding amino acid sequences of CC83 Vi 
are shown In Figures 6a and 5b. respectively. The nucleotide sequences and corresponding amino acid 
so sequences of CC92 V L are shown in Figures 6a and 6b. respectively. 



Probe Techniques 



69 



Other antibodies encoded by DNA derived from V^TAG may be derived by using V^rTAG as a 
hybridization probe. Generally, a probe made from the DNA or RNA of the V^iTAG or rearranged genes 
containing the recomWned VhoTAG could be used by those skilled In the art to find homofogous genes In 
unknown hybridomas. Such hornotogous antibodies will have a DNA sequence whose mRNA hybridizes 
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^ «f «n or a oart of the VhoTAG germline gene and its flanking regions By flanking regions" 

4 5 end of the WAG to the 3 end of the upstream 
^andfrorn3 end oi the V^TAQ to the 5 end of the downstream gene. 

Rationally Synthesized Variable Regions 

A yet further approach is the rational synthesis of altered variable regions of the 
hmJn m well as antibodies discovered via probing. Such an approach has several potential advantages. 
M " re se^eHtTd not have to screTn Xmunlzed host animals attempting first to cull^ose 
S^ZXto TAG and next to cut! those antibodies which specifically have V H regions encoded 
by ONA derived tram VhoTAG. 



ts Mutagenic Techniques 

The V„ and/or V,. gene segments may be -altered- by mutagenesis. Exemplary tachniques Include the 
addZ. deletion, or noneonLvaSve substitution of a limited number of venous n^eotdes or the 
conserve substitution of many nucleotide,, provided that the proper reading ^ '^^ ^ 
Substitutions, deletions, insertions or any subcombination may be combined to arrive at a final 
^n^n^T fi^T thare are 64 possible codon sequences but only twenty known ammo adds, the genetre 

precise for each amino add; thus there is at least one codon for each ammo ead. each codon yields a 
^kTanUadd and no other. It will be apparent that during translation, the proper reading frame must be 
2 nSTn^oa? to SaTfte proper aZoadd sequence in the polypeptide ultimately P'^. 

Squettor add«ion. at predetermined amino add dtea having a Known W<V»«" *£J 
ExemptaTtechniques indude oDgon„lceotideW,ated. sKe^lrected mutagens and polymerase cham 

""re^niques for deletions at predetermined amino acid sites havfng a known Sequence are Mlkm 
Exernptoy Uniques include dIgionulceotideKnediated .Erected mutagenes-s and the polymerase 

^ecwSes tor substitutions at predetermined amino add sites having a known sequence ere well 
ImowTSe* toques indude slt^directod mutagenesis, and the pdymera*. cha,n reacon 

^nudec^de greeted mutagenesis In essence invokes hyb m 

and Smith. M., DNA 3. 479-488 (1984); Kramer. W.. Schughart. K. and Fritz. W. J.. Nuc AGIOS tos. iu. 
"'rSre^fchein reaction (PGR) In essence involves exponentially amplifying DNA in *o using 

m OMMdM Enzvmes- QeneTpOdng by Overlap Extension". Horton et al.. Gme 77, 61 (1889). 

. ^ oMihArtw «s fanrfan and produces an immune response thereto. Thus, on suosequem 

7£ ^Jl£T<ZJte«tiW tnto the human. Its effectiveness Is conddembly 
^byCaS ^'.Immune system against the foreign ^y.C^^y eftereaon* 
S^murtne V„ end V. regions may reduce the human Immune response to the altered antibody. 
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Recombinant Techniques 
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The antibodies may be constructed by recombinant techniques. In other words, because the nucleotide 
sequences of various V„- and V L -encod!ng regions are now provided, a skilled artisan could In vitro 
produce a complete gene coding for the heavy and tight chain variable regions. 

The constructed gene may be engineered In which selected D H and J„ gene segments ere in functional 
s combination with a selected V„ gene segment I.e.. the VhoTAG segment, or the V„ gene segment of CC49 
or CC83. 

For example, the constructed heavy chain coding DNA will include D H and J M gene sequences which 
are contiguous with the 3' end of the germfine V„aTAQ gene segment, thereby completing the CDR3 and 
framework (FR) 4 of the V H domain. A leader sequence may be present but may be subsequently removed. 
io Depending upon the tight chain employed, it may also be necessary to provide a constructed right 
chain coding DNA. Such a DNA gene will comprise a V t gene segment In functional combination, e.g., 
contiguous with a J L gene segment. Including the leader sequence which may be subsequently removed. 
The J L gene segment will vary depending upon whether the right chain is of the lambda or kappa system. 
The J region sequence Is contiguous with the end of the V L exon to complete FR 4 of the V t domain. Such 
rs a construction may be canted out by the techniques used to construct the V H gene. 

The constructed gene may be engineered by conventional recombinant techniques for example, to 
provide a gene insert in a plasmld capable of expression. Thereafter, the plesmids may be expressed in 
host cells. Exemplary recombinant biological techniques are set forth below. 

In providing a fragment encoding either the fight chain or heavy chain variable region, it will usually be 
20 desirable to include ell or a portion of the intron downstream from the J region, particularly where the 
variable region is derived from the host in which the fused gene is to be expressed. Where the Intron is 
retained, It will be necessary that there be functional spBce acceptor and donor sequences at the intron 
termini. The Intron between the J and the constant region of the fused gene may be primarily the intron 
sequence associated with (1) the constant region. (2) the J domain, or (3) portions of each. The last may be 
» a matter of convenience where there is a convenient restriction site In the introns from the two sources. It 
may be necessary to provide adapters to toln the Intron to the constant region. In some instances, ail or a 
portion of the intron may be modified by deletion, nucleotide substitution^) or insertion, to enhance ease of 
manipulation, expression, or the like. Preferably, a sufficient amount of the intron should be present to 
contain an enhancer that is functionally active with the naturally-occurring promoter, 
so Alternatively, it may be desirable to have the fused gene free of the intron between the J gene end C 
gene. Thus, the 3' terminus of the J gene will be adjacent to the 5 terminus of the C gene. One can use an 
exonudease and, by employing varying periods of digestion, one can provide for varying 3 -termini, which 
can then be used for linking to the constant region and selection made for a functional product In a variety 
of ways; or by splicing with overlap extension using polymerase chain reaction technology, see Horton et 
35 aJ. f supra In this case, an artificial promoter, which does not need to be functionally active with an 
enhancer, will generally be utilized 

In one preferred embodiment the genes encoding the V H end V L regions may be altered by replacing 
at least parts of the complementarity determining regions (CDRs) in the light or heavy chain variable 
domains of the antibody with analogous parts of CDRs from en antibody of different specificity. An 
40 exemplary technique replacing the CDRs Is taught In European Published Patent Application 0 239 400. by 
Gregory Winter: and In PCT application Wo 8009344, by Huston et al. In an altered antibody of the present 
invention, only the CDRs of the antibody will be foreign to a human body, and this should minimize side 
effects if used for human therapy. However, human and mouse framework regions have characteristic, 
features which distinguish human from mouse framework regions. Thus, an antibody comprised of mouse 
45 CDRs in a human framework may well be no more foreign to the body than a genuine human antibody. 

The nucleotide sequences corresponding to the V H amino add sequences of the VhoTAG, CC46. CC49, 
CC83 and CC92. as well as of the CC49. CC83 and CC92 V L gene segments are provided. Consequently, ft 
Is envisaged that the CDRs from the antibodies of the present invention could be grafted onto the 
framework regions of a human antibody, 
so Generally, the CDR regions from a human V H or V L domain may be replaced by CDRs from the V M or 
V t regions of antibodies of the present Invention. Exemplary human antibodies from which the framework 
portions may be used Include human plasmacytoma NEWM. [Jones et al- "Replacing the complementarity- 
determining regions m a human antibody with those from a mouse'. Nature 322. 622-525 (1988)]. publicly 
available from Dr. Greg Winter and various other human V„ and V L genes available from Dr. Terrence 
65 Rabbftts. both researchers being from the Medical Research Council. 20 Park Crescent London. WIN 4AL 
The determination as to what con & Utute* a CDR and what constitutes a framework region may be made 
on the basis of the amino-ecW sequences of a selected Ig as Indicated In Kabat et el.. Sequences of 
Proteins of Immunologics! Interest Fourth Edition (1987). U .8. Dept of Health and Human Services. NlH. 



12 



EP 0 365 997 A2 



TO 



16 



20 



96 



90 



35 



40 



The four framework regions largely adopt a *-sheet conformation and the CDRs form loops connecting, 
and in some cases forming part of. the £-sheet structure. 

Moreover, not all of the aminc-add residues in the loop regions ere solvent accessible and in one case, 
amino-** residues In the framework regions are Involved in antigen binding. [Amit, A.G.. Manuzza. FtA., 
Phillips, s.EV. and Poljak. RJ- Science 233. 747-753. (1988)1. 

ITls ateo known thaTthe variable regtons of the two parts of an antigen binding site are held «nr *e 
correct orientation by inter-chain, navcovalent interactions. These may involve amlno-add residues wtthm 
the CDRs. 

Thus In order to transfer the antigen binding capacity of one variable domain to another. It may not be 
necessary to replace all of the CDRs with the complete CDRs from the donor variable region- H may be 
£lyto transfer those residues which are necessary for the antigen binding site, and this may 
Involve transferring framework region residues as well as CDR residues, 

H is thus clear that merely replacing one or more CDRs wtth complementary CORs may not always 
result In a functional altered antibody. However, given the explanations set forth in European lushed 
Patent Application 0 239 400. it will be well within the competence of those skilled \* the eAetoer by 
carrying out routine experimentation or by trial and error testing, to obtain a furtttional *^^ody- 

Preferably, the variable domains m both the heavy and light chains are altered by at least P^alCDR 
replacement and. if necessary, by partial framework region replacement and sequence ^mg^ A^ugh 
the CDRs may be derived from an antibody of the same class or. even subclass as the antibody fromwhich 
the fnTewori regions are derived, it is envisaged that the CORs will be demed from an antibody of 
different class and preferably from an antibody from a different species. 

Composite Variable Regions 

Generally, the V gene encoding the V L is the same V gene which encodes the * naturally combined 
with the V„ of choice. For example, the V gene which encodes the V L regions ; of CC49 andCC83 are 
beneficially used when employing the V gene which encodes the V„ of CC49 and C^.respertvety. 

Surprisingly, because the V„ regions of the antibodies of the presentation axe encoded by V„ 
geneToWd from V„«TAG. composite antibodies may be beneficially formed, to other 
Lion of one antibody of the present invention may suitably be combined with the Vl region of another 
aXdyof the preset Invention. Although the amino acid s^uences of the CC49 and CCWneavy chains 
are superficially close. It would be expected that a change of a few or even one am no ac,d I wouW 
drasticair/ affect the binding function of the antibody, to., the resultant antiood.es are generally resumed I to 
be a rKHvspecrffc Immunoglobulin (NSI). to.-lacking in antibody character, (see European Pubi.shed Patent 

^ P S OT su^*r^!'it has now been found that an antibody having 1 the requisite V„ of this Invention, need 
not be recomblned only with a V L from the same naturally occuring animal antibody. For ir^tance as set 
forth In the examples, it is possible to produce a chimeric antibody having a heavy cham with a from 
^rSTL with a V L from CC49, wherein the composite antibody thus formed has a binding 
specfficrty 25% greater than the binding affinity of B7Z3 to TAG72. : 



Constant Regions 



49 



Heavy Chain (Ch) Domain 

The Ch domains may be of various human isotypes. to., fgQ (e«„ lgG,, lgG 2 . and lgG*), lgA. IgD. 

m inM it* well as the various subtypes of the Individual groups. 

8 *£?Zm^*»*Zm ,1. ~» BS«m et al. The nucleotide sequence o) a human 
Oflamma- 1 Bene". ft* AC* Re, 0«MM . et el 8m**«« 
human tamunglobulln gamma seno* hnpItaBtoru for evolution of a gene family'. Cell 29.J ™WWO). 
^olscusSnol thThumaVaamma 2 (-,2). <ee Krawinkel « al.. -Oompartaon oT the hlng<«oding 

« augments in human Immunoglobuiin oamma heavy genw and the Dntege o) the ^^^8*™™* 
aubcta. oa-.es. EUBO J 1. «OW07 (1882): BHsor et al, "Linkage end tequenoe honj^flV « ^J^Z 
Z^-SX gamma heavy chain constant region oenes, Proc Nat. Acad. Scl. (USA) 79. 1984-1988 
TaTrSo***! et al. Mrs For a discussion of human gamma 3 W). see Krawinkel et al. Infra, and 
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Takahashi et al.. tnfra. For a discussion of human gamma 4 M), see Ellison et al. "Nucleotide sequent of 
a human immunogtobutin Ogamma^ gene. DNA 1, 11-18 (1981). Krawinkel et al. Intra, and Takahash. et 

81 * FoTa discussion of the human mu. see Babbitts et al-, Human Immunoglobulin Heavy Chain Genes: 
Evolutionary Comparisons of Cu. C*. and Cy genes and Associated Switch Sequences-, NucL Ac/tf Res, 9. 
4509-45024 

For a discussion of the human alpha, see Flanagan et al. "Mechanisms of Divergence and Conver- 
gence of the Human Immunoglobulin alpha 1 and alpha 2 Constant Region Gene Sequences". Cell 20, 681- 
688 (1984) 

For a discussion of the human delta, see White et al. "Human Immunoglobulin Ch Genomic Sequences 
ol the Delta Heavy Chain - . Science 22S, 733-737 (1085). 

For a discussion of the rtumanTpsiton, see Max et al. ( -Duplication and Deletion .n the Human 
Immunoglobulin < Genes". Ce//29, 691-699 (1982). 

Light Chain (CQ Domain 

The Cl domain may be human kappa (*) or human lambda (X). 

For a discussion of the human *, see "Cloned Human end Mouse Kappa Immunoglobulin Constant and 
20 J Region Genes Conserve Homology In Functional Segments". Heiter el al.. Celt 22, 197-207. November 
(1 980) 

For a discussion of the human X, see -Processed Genes: A Dispersed Human Immunoglobulin Gene 
Bearing Evidence of RNA-Type Processing". HotDs et al.. Waft/re 296. 321-325 (1982). 

The C M and/or Ct gene segments may be •aftBred" by mutagenesis. Exemplary techniques include the 
addition, deletion, or nonconservative substitution of a limited number of various nucleotides or the 
conservative substitution of many nucleotides, provided that the proper reading frame is maintained. In 
addition, entire domains of the protein can be altered, for example, by substituting C*2 for Cm3- This 
substitution Is made at the DNA level by inserting, deleting or substituting entire axons of sequence. 
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Construction of Antibodies 



Immunizations 



35 



The first technique for producing antibodies, whether monoclonal or polyclonal, having V„ regions 
encoded by DNA derived from V„oTAG Is to immunize a host animal with purified TAG72. Exemplary 
protocols for Immunizing a host animal with TAG72 are set forth in U.S. Patents 4.522.918 and 4 612^ 
using a human breast carcinoma extract as the immunogen; and .United States Patent Application 7-073.685 
40 (which is available to the public), using TAG72 purified with B72.3 as the immunogen. 

Thereafter, monoclonal or polyclonal antibodies produced from the Immunization protocol are screened 
to determine which of said antibodies selectively bind to TAG72. Such screening may be accomplished by 
any of a number of well-known procedures, such as solid-phase radioimmunoassay, enzyme-linked 
immunosorbent assays, resetting assays and blocking essays. The above-described procedures are weH- 
45 known in the art. 



so 
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Synthesis of Amino Add Sequences 

immunoglobulins of the present Invention can be synthesized from their constituent amino adds. 
Suitable techniques are the MerrifieW solid phase method, as described in J. Amer. Cnem. Sot 85. 21 49- 
2154 (1663) This solid phase method for synthesizing sequences of amino adds is also described on 
pages 1 -4 of of a book by Stewart and Young. Solid Phase Peptide Synthesis (W. H. Freemen and Co.. San 
Francisco, 1669). 

Construction of DNA 
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DNA Encoding the V H and V L 

The DMA encoding the antibody heavy end Dght chains may be oW-*-*""-* nJ?Tl 
known » those of ordinary skill In the art. for example, genomic DNA. cDNA. synthetic DNA. or a 

"tTS' me desired sequence may be MM. end genomic DNA «-«9rr^ed 6V or» or, nore 
restriction w/mea. The genomic DNA may or may not Include naturally-occumng Iritrona. The resulting 
ir«nmfints rna? ften be cloned and screened using a heavy chain J region (Jh) probe for the presence of 
KfseZr^ cSntW th^ Upep** se^ence ol interest DNA f,sgrr«nt^ by prer^hje 
^w^. e.ectrophoresis are Ogated. Recombinant plaques of the Obrerle. are screened wrlh a mouse J„ 

DNA may also be obtained from a cDNA library. Messenger RNA coding tor heavy^ht^nls 
isolated from a suitable source, either mature B cells or a hybridoma culture. «^ 
teSes of RNA Isolation, end the use of olfgoKfT cellulose dromatography to Seagate 
mWA?Tmi pdy-A mRNA may. further, be fractionated to obtain sequences of sufficient size to code for 
meamino ecSwquencw to the Dght or heavy dvUn of me (toslred antibody as necessary. 

r c DNATbr«y is then prepared from the mixture of mRNA using a suitable pnmer. 
add sequence^lch is ciSc of the desired cDNA. Such a P^^^^ 8 ^^ basrt on 
the amino add sequence of the antibody, to the alternative cDNA fr^^rar^a^ r^A ^from^ 
cell fine produdng the desired antibody or pdy-dT may also be used. The resulting cDNA Is opsonally sto 
Motrin Mlyaoylamide gel and then extended with, for example. dC residues for annealing with 
dordng'vector wMch has been deaved by a surtabk, ^*™ e ^ e £?" 
ntlmt extended wilh dO residues. Alternative means of forming doning »^ h ^ n ^J" 
using other tall, and other cloning vector remainder may. of course, also be used but ™J a ^ a "?"* 
25 saSard and preferable choice. A suitable host cell strain, typically BetoMk Ml ««« * 
with the anneatod doning vectors. and the successful transformer* ^^J^ 1 ** 
mSHSTm^m or tetracydine resistance or other phenotypic charactenst.es residing on the doning 

^ucSul' tnmsformant. are picked and transferred to microliter dishes or other setter JMtar 
groXrtTUervation. Nitrocellulose filter imprints of these growing cultures are then probed , surtaWe 
SrZences conWnlnfl base, known to be 

Several Woes of probe may be used, preferably synthetic single stranded DNA sequences labeled oy 
S^yV^. The cells fixed to the nitrocellulose filter are tysed. the DNA denatured, and then 
^fTreWn wtth Knased probe. Cooes which successfully hybridize are ^Uctrrf b^ntec. wtm 
Hto^ then plasmids from the growing colonies Isolated and sequenced by means known In the art 
to verify thai the desired portions of the gene are present 

The desired gene fragments ere excised and tailored to assure apprepriate reading frame w* the 
cwtroTs^t. when Zrtad into suitable expression vectors. Typically, nudeotides are added to the 5 
end to indude a start signal and a suitably pc^edresWction °n*xutttease ste ths DNA also may be 
40 Because the Inventors have provided the nucleotide sequences **eJf"°TAG. 

synthetically synthesized, for example, using an Applied BlosystemeTM Model 380A DNA Synthesuer. and 

* e^p^Xe '« « eomb.na.on of fhe above technique. .. by splldng with 
overSnxteTslon^^polyrne^. chain reaction technology, see Horton at ai. «^°>™W. • 
« ^ng a sealed "wagging Mr. ^*>"«^ 

sequence, for example genomic DNA. Thereafter, the sequences are amplified and spliced together. 
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DNA Encoding the Cm and Cl 
W The DNA fragment encoding the amino add sequence of the hurnanconstarrt region may be obtained 
by screening the chromosomal DNA of cette producing human Immunoglobulin. 



as Vectors 



The desired DNA fragment may be positioned in a bWogteaOy tunc^e^on may 
contain appropriate c*itro) sequences not present in the selected DNA fragment By -bidogtealiy tunc- 
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tionar is meant that the expression vehicle provides for replication and/or expression in an appropriate host. 
«ther by maintenance es an extrachromosomal element or by integration into the host genome. A large 
number of vectors are available or can be readily prepared, and ere well-known to skilled artisans. 

A number of plasmids. such as those described In Eureopean Published Patent Applns. 0038776. 
0048970 and 0051873. have been described which already contain a promoter In reading frame with the 
gene and compatible with the proposed host cell. 

The vectors and methods disclosed herein are suitable for use over a wide range of microorganisms, 
either prokaryotic or eukaryotic. which are susceptible to transformation. The plasmld will be capable of 
replicating In the microorganism, particularly a bacterium. 

In general, plasmld vectors containing the appropriate promoters, which can be used by the mlcrowai 
organism for expression of Its own protein, also contain control sequences, ribosome binding sites, and 
transcription termination sites. Generally, the repficon and control sequences which are derived from 
species compatible with the host cell are used in connection with these hosts. 

Smaller or larger SV40 fragments may also be used, provided there is included the approximately 250 
base pair (bp) sequence extending from the Hind III site toward the Pvu II site located in the viral origin of 
replication. Further, it is also possible, and often desirable, to utilize promoter or control sequences normally 
associated with the desired gene sequence, provided such control sequences are compatible with the host 

cell systems. ^, A 

Finally, the plasmid should desirably have a gene, a marker gene, that is capable of providing a 
20 phenotypical property which allows for selection of host cells containing the expression vector. Particularly 
useful Is a gene that provides for survival selection. Survival selection can be achieved by providing 
resistance to a growth inhibiting substance or providing a growth fad or capability to a bacterium deficient In 
such capability. 

In general, prokaryotes are preferred. For example. pBR322 a plasmid derived from an E. coll species 
as [Bolivar, et al., Gene 2, 95 (1977)] is particularly useful. pBR322 contains genes for ampiallm and. 
tetracycline resistance and thus provides an easy means for Identifying transformed cells. 

While these prokaryotes are the most commonly used, other microbial strains which may be used 
include E colt strains such as E. coll B, E. coll K12 strain 294 (ATCC No. 31446) and £ CO//X1776 (ATCC 
No 31537). £ coll W3110 (F~, y~, prototrophic. ATTC No. 27325), bacilli such as Bacillus subtilus, and 
so other erterobacteriaceae such as Salmonella typhlmurlum or Serratta macrcesans, and various 
Pseuttomonas species may be used. These examples are Intended to be illustrative only. 

In addition to prokaryates. eukaryotic microbes may also be used. Saccharomyces cerevtsiae. or 
common baker's yeast is the most commonly used among eukaryotic microorganisms although a number 
of other strains ere commonly available. 
35 For expression In Saccharomyces, the plasmid YRp7, for example. [Stinchcomb, et al., Nature 282. 39 
(1979); Kingsman et al.. Gene 7, 141 (1979): Tschemper. et al., Gene 10. 157 (1980)] is commonly used. 
This plasmld already contains the trpl gene which provides a selection marker for a mutant strain of yeast 
lacking the ability to grow In tryptophan, for example ATCC No. 44076 or PEP4-1 (Jones. Genetics 85. 12 
(1977)]. The presence of the trpl lesion as a characteristic of the yeast host cell genome then provides an 
40 effective environment for detecting transformation by growth in the absence of tryptophan. 

Any plasmld vector containing a yeast-compatible promoter, origin of replication and termination 
sequence is suitable for use m yeast Suitable promoting sequences in yeast vectors include the promoters 
for 3-phosphoglycerate kinase [Hrtzeman, et al.. J. Biol Chem. 255, 2073 (1980)] or other glycolytic 
enzymes (Hess, et al.. J. Adv. Enzyme Reg. 7. 149 1988); Holland etlT Biochemistry 17 , 4900 1978)]. . 

For use in mammalian ceils, the control functions on the expression vectors are often provided by viral 
material. For example, commonly used promoters are derived from polyoma. Adenovirus 2, and most 
frequently Simian Virus 40 (SV40). The early and late promoters of SV40 virus are particularly useful 
because both ere obtained easily from the vims as a fragment which also contains the SV40 viral origin of 
replication [Hers, et al.. Nature 273. 113 (1978)]. 
so For example. pSV2neo contains a gene for ampicflDn resistance neomycin resistance, which Is under 
the control of an SV40 promoter. Thus. pSV2neo provides easy means for identifying cells transformed wtth 
genes for both the animal variable region and human constant region. 



45 



65 Preparation of Chimeric DMA 

The genes coding for the heavy chain or me fight chain win be constructed by joining the s'-end of a 
DNA fragment which encodes the constant region to the 3 end of a DMA fragment which encodes the 
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nN1 _~flno for the antibody amino add sequence may be obtained in 

Va ^' B «' 9S !l £ ^ o r^eSn^tTLn genomic DNA ToTTerfent that the host ceils 
BS ^ n ^l^S r M lw ^^t i0 nal Initiation signal, associated with the heterologous 
^^r^oKlTotZ ^eoHtfTcoding sequence may be retained with the variable 
"X^.IZL a^emSeved to *«*Spttonel and translator*! initiation regulation. The non- 

^cef. such as termination and pofyaoenylatton. tn referring to 5 or, 3 for a double strand. It Is 
intended to mean the direction of transcription, with 5 being upstream from 3 . _ 
The Wron sequence between the variable region (or each respect™ chain may be )o.ned tott*. 
^rLr^hw^Tconsttnt DNA fragment at any convenient restriction site. In providing fragment 
^X^vSrettaTH win usuanybe desirable to Include a portion ol the intron downstream from 
Znf^ k, it wi« be necess^yjha. there be f^ona, « 

donor seouences at the Intron termini. The continuous non-coding region 5 to the variable region win 
%Z£SZ£ -Sequences invoked wim initfcion *?»^£™^ t ^£ ^ 
box. capping aequence and CAAT sequence. Usually, the S -norrcodlng sequence does not exceed aooui 

12 £ Sequence ahouk. exist between the J region and the m«M ^The enhancer 
emptoyeTma^e the enhancer of either (1) the animal V region or the <2) the human cor^ re^ 
bJ™ Jm™ the 3'feolen naturally contiguous to the DNA. sequence coding for the constant region, the 
By retaining the 3 -region naiuwiy w. »a . ^ transcriptional term nation 

LlSm regk^nty any oVL means described previously for manipulation and kpton of DNA tragments. 
This region could then be used as a building block in preparing the gene. _ 



Preparation of Expression Vehicles 

Construction of suitable expression vehicles containing the desired eodtag land 
h« „^«Z follows The Wmlni of the vectors and DNA fragments may then be related to torn the 
£m The methods employed are not dependent on the DMA source, or Intended 

h0$l l 1J . . .. ^ fe. mB « qM chair, and heavy chain may be Inserted Into separate expression 

'* i^«r!X^ M exDresslon vector may have a polytlnker inserted therein which has a . plureSty of 
J^££bflF5?Z*** ^expreasioVvector with the appropriate restriction enzymes, the 
1E£££E5£ fso^aTtoast^eX fragment contfntng the gone can be rnserteoVW-re the 
5££ ^ S^uZ* termini, the DNA fragment can be inserted in • W*"*""™ 
^S^^tTLerSon o. the DNA fragment w.» re** In ptosmid, having two dtHerent 

" ° ,te ^^e is performed by treating the plasmid with a restriction- enzymefs). In general, about 10 ug 
J^SXSZL * ^ °wHh eoTlO units of enzyme In ebo* 1*3 of btffcr » toft* 
E^onudease oTgesttan wffl normally be carried out at temperatures ranging from 37 to 65 C. at a pH of 
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from 7 to 9. (Appropriate buffers end substrate amounts for particular restriction enzymes are specified by 
the manufacturers,) Time for the reaction win be from 1 to 18 hours. 

tt may be useful to prevent religatjon of the cleaved vector by pre treatment with alkaline phosphatase. 
Specific conditions are prescribed by the manufacturer. 
5 After the restriction enzyme digest is complete, protein ts removed by extraction with phenol end 
chloroform. The nucleic add is recovered from the aqueous fraction (containing about 0.3M sodium acetate) 
by precipitation with about 2-5 volumes of ethanol. 

Descriptions of methods of cleavage with restriction enzymes may be found In the following articles: 
Greene et aU Methods to Molecular Biology . Vol. 9, ed. Widow, R. B„ Marcel Deldcer. Inc.. New York. 
io "DNA Replication and Biosynthesis-; Mertz and Davis. Proc. Nat Acad. ScLOJSA), 69. 3370 (1972). 

Size separation of the cleaved fragments by agarose get electrophoresis is readily performed to follow 
the course of the reaction. Once the digestion has gone to the desired degree, the endonuctease may be 
inactivated by heating above 65* C for about 10 minutes or organic extraction. 

The desired fragment is then purified from the digest Suitable purification techniques Indude gel 
is electrophoresis or sucrose gradient centrifugatlon. 

The plasmid vehicle and foreign DNA fragments are then ligated with DNA Rgase to redrcularize. This 
process is referred to as annealing and DNA ligation. 

An appropriately buffered medium containing the DNA fragments. DNA Rgase. and appropriate cofac- 
tors is employed. The temperature employed will be between 25* to 4* C. When DNA segments hydrogen 
20 bond, the DNA ligase will be able to introduce a covalent bond between the two segments. The time 
employed for the annealing will vary with the temperature employed, the nature of the salt solution, as well 
as the nature of the sticky ends or cohesive termini. Generally, the time for ligation may be from 5 to 18 
hours. See Maniatis T„ Molecular Cloning. Cold Spring Harbor, supra. 



25 

Host Cells 

Thereafter, the expression vehicle constructs may be used to transform an appropriate host celt. 
Suitable host cells Indude cells derived from unicellular as well as multicellular organisms. 
so The chimeric immunoglobuBn genes can be expressed in nonlymphoid cells such as bacteria or yeast. 
Various unicellular microorganisms can be transformed, such as bacteria. That is. those unicellular 
organisms which are capable of being grown In cultures or fermentation. Since bacteria are generally the 
most convenient organisms to work with, bacteria wit! be hereinafter referred to as exemplary of the other 
unicellular organisms. Bacteria, which are susceptible to transformation, Include members ol the Enterobac- 
« teriaceae, such as strains of Escherichia colt. Salmonella; Baclllaceae. such as Bacillus subtlllsr, 
Pneumococcur, Streptococcus, and Haemophilus Influenzae. 

When expressed in bacteria, the immunoglobulin heavy chains and light chains become part ot 
inclusion bodies. The chains then must be Isolated, purified and then assembled Into functional im- 
munoglobulin molecules. 

40 In addition to prokaryates, eukaryotic microbes, such as yeast cultures may also be used. Sac- 
charomyces cerevisae. or common baker's yeast is the most commonly used among eukaryotic microor- 
ganisms, although a number of other strains are commonly available. The presence of the trpt lesion as a 
characteristic of the yeast host cell genome provides an effective environment tor detecting transformation 
by growth In the absence of tryptophan. . 

45 tn addition to microorganisms, cultures of cells derived from multicellular organisms may also be used 
as hosts In prindple. any such cod culture Is workable, whether from vertebrate or Invertebrate culture, 
provided thmtheceaDnelsowthatatleast originally produced antibodies. Propagation of vertebrate cells 
in culture has become a routine procedure In recent years [Tissue Culture, Academic Press. Kruse and 
Patterson, editors (1973)]. Examples of such useful host cell Ones are Sp2/0. VERO and He La cells, Chinese 

to hamster ovary (CHO) cell Bnes, and W1SB. BHK. COS-7 and MDCK cell lines. 

The preferred redptent cefl line is a plasmacytoma cell euch as B lymphocytes or hybridoma cells. 
Plasmacytoma ceBs can synthesize, assemble and secrete Immunoglobulins encoded by transformed 
immunoglobulin genes. .Further, they possess the mechanism for glycosytatton of the Immunoglobulin. 
Sp2/0 is a preferred recipient can because ft is an immurioglobulirKionprodudng plasmacytoma celt The 

$s cell produces only immunoglobulin encoded by the transformed Immunoglobulin genes. Plasmacytoma 
cans can be grown tn culture or In the peritoneum of mice where secreted Immunoglobulin can be obtained 
from ascites fluid. 
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Transformation of Host Cells 

Transformation of host ceOs is accomplished as follows. The o^ession«Wcte is finearfced ^and the 
DNA is inserted into host cells for production of the antibody. Exemplary methods for inserting the DNA into 
host «Ds1Xje elactroportion, protoplast fusion, calcium phosohale^reclpitation. or other converrbona. 
techniques, which use dextran sulfate, and PEG. 

It cells without formidable cell wall barriers are used as host cells, transformation may be caniod otjt by 
the calcium phosphate precipitation method as described by Graham and Van der Eb. Virology, 52, 548 

(197 H ) prokaryotic cells or cells which contain substantial cell wall constructions are used, the preferred 
method of transformation is calcium treatment using cateium chloride as described by Cohen. F.N. et al. 

Proc. Natt.Ac6<f.$cl.(USA)G9 t 2U0(M372). ^ t . n 

The host cells may be traT^sformed via either co-transformation or targeted transformation. 

For co-transformation, the genes coding for the tight chain and heavy chain may be used to transform 
separata cell cultures, either of the same or of differing species; separate plasmlds for 
may be used to co-transform a single cell culture; or finally, a single e ^^^^^J^ 
genes and capable of expressing the genes for both Oght and heavy chain may be transformed Into a single 

0811 h ^targeted transformation technique, the host cells are transformed with genes encoding for the 
tight chain, and the cells containing the light chain maricer are selected. The light chain is found using 
cvtostaining or possibly by detection of the Oght chain h the supernatant if it has been secreted. Ce s 
S to havTme Bght chain are transformed with the heavy chain eonrtuct and resultant cells 

additionally containing the heavy chain marker selected. 

t b. Known that »me immortalized lymphoid cell lines. «ueh «. ptmjom. crt Une, the, normal 
state secrete isolated Ig DgM or heavy chains. Consequently, If such a cell One Is transformed with the 
vldorctr?tL~ chimeric heavy or light chain of the present Invention, ft will not be necessary to 
SrTthe cell line or another cell line with the other kj chain, provided that the normally secret cham 
r»ln£y ,o me variable domain of the Ig chain eroded by the vector Initially used to transform 
the cell One. 
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Selection and Expression of Transformed Host Cells 

Generally, after transformation of the host cells, the cells may be grown tor about 48 hours to allow for 
expression of marker genes. The cells are then placed In a selective medium, where untransformed cells 

are killed, leaving onty cells transformed with the DNA constructions. 

Heavy andlght chains or portions thereof, may be produced In Isolation from each other and anybodies 
and fragments thereof may be obtained. Such preparations required use of techniques to reassemble 

^edS* of the method of the Invention to produce heavy and Oght chains or poraons thereof In 
isolation from each other offers the opportunity to obtain unique assembles of tamu^M^n*. Fab 
nitons, and univalent antibodies. It Is possible to recomblne the heavy and l»ght chains m <^lsrup «d 
b/cleavage of only the interchain disulfides, and to regain antibody "f^* 0 " * °" 

WerWdlsumde. (see Btetman. Q.M. et al„ Proc. Watt AceA „_ . |ns 

The transformed cells are grown under conditions appropriate to the production of the Ught chains 
and/or hSyeWM. «nd as^yed tor heavy and/or light chahi protein ayntheste &emptary es^ay 

activated cell sorter analysis (FACS). Irruiumohlstochemlctry and the Bke. 

Wndlnfl affinity of monoclonal antibodies tor TAQ72 is determined by means wen known in the art 
„ { J^TbTJ!j. ImmwoL Method. 68. 183-204 (1884) and as described In detail in the Example, 

, ^S5£*7S& euBures are aubctoned In order to isotate pure transformed colonies. A suitable 
tecr^uTforSng subclones te vu. the dl^ mett«xi taught by McKeara m Wonoc/ona/ 
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Antibodies. Plenum Press. N.Y. (1980). ' 

Hybridomas that produce such chimeric antibodies may be grown using ki^ procedures. The 
tJSm^ls can ^ large quantities of the Pght chain, and/or r oJ« ». 

such as by hooow fiber systems, spinner culture, static culture; orfr Ww such as Bscites^ucton^ 
The chimeric antibodies may be produced in large quantrties by Injecting a hybridoma Into the 
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peritonea] cavity of pristane-primed mice, and after an appropriate time (about 1-2 weeks), harvesting 
ascites fluid from the mice, which yields a very high titer of homogeneous monoclonal antibody, and 
Isolating the monoclonal antibodies therefrom by methods well known In the art [see Stramignoni, P. et al, 
tot i J, Cancer 31. 543-552 (1983)]. The hybridomas are grown up in vivo, as tumors In animals, the serum 

s or ascites fluid"of which can provide up to about 50 mg/mL of monoclonal antibodies. Usually. Injection 
(preferably Intraperitoneal) of about 10* to 10/ histocompatiblB hybridoma cells into mice or rats will result 
in tumor formation after a few weeks. The antibodies can then be collected and processed by well known 
methods. (See generally. Immunological Methods , vols. I & II. eds. Ufkovits. I. and Pemis. B., (1979 & 
1981) Academic Press. New York. N.Y.; and Handbook of Experimental Immunology, ed. Weir. D.. (1978) 

io Blackwell Scientific Publications. St Louis. MOl 

The antibodies can then be stored in various buffer solutions such as phosphate buffered saline (PBS), 
which gives a generally stable antibody solution for further use. 

The chimeric antibodies of the present invention may be fragmented using known protease enzymes, 
for example papain and pepsin, to obtain highly Invnunoreactive F(eb )2. F(ab ) and Fab fragments. In 

is addition, active fragments of Ig formed by proteolysis (approximately 50.000 MW) can be split Into their 
fully reduced heavy chain and fight chain components and fairly efficiently reconstructed to give an active 
antibody [Haber. E., Proc. Natl. Acad. Set. (USA) 52. 1099 (1964): Whitney. P.U. et al.. Proc. NatL Acad. 
Set (USA) 53, 524 (1965)). The reactivity of the resulting F(ab')2, F(ab ) and Fab fragments are determined 
by methooVas described above for the complete monoclonal antibody molecule. 

30 



Uses of the Antibodies 

The antibodies of the present invention, as well as Immunoreactive fragments or recombinants thereof. 
2S provide unique benefits for use in a variety of cancer treatments. In addition to the ability to bind specifically 
to malignant cells and to localize tumors, the antibodies have constant variable regions which do not bind 
detectably to normal cells such as fibroblasts, endothelial cells, or epithelial cells In the major organs. 

Specifically, the antibodies, immunoreactive fragments or recombinants thereof are useful for. but not 
limned to, the following types of cancer treatment (1) in vivo diagnostic assays conjugated to an imaging 
to marker, for the in situ detection of carcinoma lesions, as further described below; (2) in vivo therapy, using 
the antibodies of the present Invention alone or conjugated to a therapeutic agent such as a radionuclide, 
toxin, effector ceils, other antibodies or via a complement mechanism, as described below; and (3) 
radWmmunogulded surgery, as described below. 

Moreover, a pharmaceutical composition comprising the antibodies of the present Invention In a 
as pharmaceutical^ acceptable, non-toxic, sterile carrier such as physiological saline, non-toxic buffers and the 
Cke. is also now possible. 

Injectable compositions of the present Invention may be either in suspension or solution form. In 
solution form the complex (or when desired the separate components) is dissolved in a pharmaceutical^ 
acceptable carrier. Such carriers comprise a suitable solvent preservatives such as benzyl alcohol, if 
40 needed, and buffers. Useful solvents Include, for example, water, aqueous alcohols, glycols, and 
phosphonate or carbonate esters. Such aqueous solutions contain no more than 50% of the organic solvent 
by volume. 

Injectable suspensions as compositions of the present Invention require a liquid suspending medium, 
with or without adjuvants, as a carrier. The suspending medium can be, tor example, aqueous polyvinylpyr- 

45 rotidone, Inert oils such as vegetable oils or highly refined mineral oils, or aqueous carbcxymethlycellulose. 
Suitable physiologically acceptable adjuvants, if necessary to keep the complex in suspension, may be 
chosen from among thickeners such as carboxymethylcellutose. polyvinylpyrrolidone, gelatin, and the 
alginates. Many surfactants are also useful as suspending agents, tor example, lecithin, afkytphenol, 
polyethylene oxide adducts. naphmalenesulfonates. alkylberaenesulfonates. and the poryoxyethytene sor- 

60 bitan esters. Many substances which effect the hydrophibicity. density, and surface tension of the liquid 
suspension medium can assist in making injectable suspensions In individual cases. For example, silicone 
anttfoams, sorbitol, and sugars ana an useful suspending agents. 

Because cancer cells are heterogeneous and consequently, a single monospecific chimeric antibody 
may not be able to recognize an colls expressing different epitopes of a tumor. 

65 Thus, H may be desirable to administer several different chimeric antibodies of the present invention. 
The sequential use of these various antibodies should substantially reduce the antHdlotypIc responses in 
human patients when compared to repeated use of a single antibody. For example, CH92. CH88, and CH44 
could be sequentially administered to a patient Since these antibodies have different light chains and, In 
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lad different CDR3 regions antHdlotypic responses should be minimized, 
fn Vivo Diagnostic Assays 

' „ v ,vo diagnostic assays of human tumors or metastasis thereof using the ^bodms. tomuru^dive 
fraglrts or ^nents'thereof are conjugated to a marker, admirtster^ to a^en.^d *en me 
presence of the Imaging marker In the patient Is detected by exposing the patient to an appropriate 

„ 'VESSEL and detection of the arrUbody-irnaglng marker connate* wen as meftods ol I conjuga. 
tJonTth. antibody to me imaging ma*er are accompashed by method, reedliy I *own or^y 
determined. « described, for example. In Goldenberg. DMet ?^£2«JBtf?£? 
(1978V Goldenbero D.M. et eL, J. Amer. Ueti. Assoc. 280. 83CW35 (1983); Goldenberg, DM. et ai.. 
SlsLn?e1^K^ (IBM): Sccardl A.G. et Caocer fles. 46. 4817-4822 (1988): Epenetos. AA 
TJ^££'s^Xn*™- V.J- et^.. Cancer 57. 571*76 (1986); Chlou. R. et aL. cancer 

" Zst££M (^Tcok^: E. et al., Caac, Res. 43.73*742 ,1883* Colcher E. «rt- Ubor^ 
ReseSch Methods In Biology and Medicine jmrnurwdiagnosttes. New York. Alan R. Use. PP- J 1 * 2 -? 

lias I1BS7V Estaban J M et aU friff. JL Cancer 39. SO-58 (1987): Martin. O.T.. et al. Cm. Surg. «• 183- 
20 9f(19M)?M^.w: J r S at. r^rfetorne 5. 857-8108 (1986); Martin. D.T. e, al Am * «£ 872- 
675 (1985); Meares et .1.. Anal BkKhem. 144 68-78 (1684); and Krejcerek et at. fltoehem. W» fl/opnys. 

^iXS ^'depTnding upon the age and weigh, of the pafient GeneraHy. the dosage should 
be efteX to tfeuata Tor .Sect tumor sites, distinct from normal tissues. Preferably, a one*me dosage 

„ __,„ hntween 0 1 to 200 mg of an antibody-marker conjugate per patient 

d tr^inVnvLr. whW.li; be coniugated to the antibody are wei. known * ^skl»ed 
in theart and Include substances which can be detected by diagnostic Imaging using a gamma scanner or 
^ rl g^nma probe or Poahron Emission Tomography or the l*e. as described in the referenced 
Si« T substances which can be detected by nuclear magnetic resonance Imaging usmg a nuclear 

» magnetic resonance spectrometer or me like, as described tn the references chad above 

S^SSW^JS 4c are preferred due to their tow energy and suitability for long range 
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An example of a substance which can be detected using a nuclear magnetic resonance spectrometer or 
the like Is gadolinium (Gd). 

in Vivo Cancer Treatment 

in this method.- the entlbody-tnerapeutic agent conjugate can be delivered to the carcinoma site thereby 

directly exposing the carcinoma tissue to the therapeutic agent 

>4 entires of the present invention, immunoreacttve fragments or recombinants thereof (may > to 
adm™te«d ^n Tpr«»rmaceuticany effective amount for the in vivo treatment of human carcinomas or 
T^^T^p^J^ly effect amount' of the antibody. ^^^^^ 
;^ non) 1Hatw ^ f rnniitnated or unconiuoated to a therapeutic agent, means the amount of said 
2? h^T^aS c^SXrid be eutfident to achieve effective binding with the 
r^again? wt^aT^eThave apectfic affinity. The pharmaceutical compos,tion may be 

administered tn a single or multiple dosage. «, 

Methods of preparing and administering conjugates of the >^^J^ZtZ, ^^Z 
■TrT™L ^^ «nda therapeutic agent are we» known or readily determined by those skilled In the 

In^o^atS^ 

described In the references cited below. ^ , . ^ 

d88< Lmp te s of the antlboov^rapeu^ agent conjug^ whteh 

following: (1) antibodies coupled to radiorwcOdes, such as 3 I. ,0 Y. ,0 *Rh. Sc. «■ /»■ 

SmuL '"Be '"Lu. «-Tc «»Sm. «>l and "Mn as described, for example, h Goldenberg. D.M. et aU 
Cancer^ E 4354^60 W Carrescuillo. JA et al. Cancer Treat Rep. 68. 317-328 (1984); 
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Zateberg. j.R. et al. J. NatL Cancer Inst 72, 697-704 (1884); Jones. D.H. et al.. tot J. Cancer 35. 715-720 
(1885); Unge. P.H. et al. Surgery 88. 143^150 (1985); Kaltovicti. FA et al., J. NucL Med 27, 897 (1986). 
Order. S.E. et aL, hit J. Radlother.'&ncQl. BIoL Phy$. 8. 259-281 (1882). Courtenay-Uck. NTet al.. Lancet 
1. 1441-1443 (1984) and Ettlnger. D.S. et al., Cancer Treat Rep. 66, 289-297 (1982); (2) antibodies coupled 

s To drugs or biological response modifiers such as methotrexate, adriamycin. and tymphoWnes such as 
interferon as described, for example. In Chabner. B. et al.. Cancer. Principles and Practice of Oncology, 
Philadelphia. PA, JB. Uppincott Co. Vol. 1. pp. 290-328 (1985); Oldham. RJC et al., Cancer. Principles and 
Practice of Oncology . Philadelphia, PA. J.B. Uppincott Co. Vol. 2, pp. 2223-2245 (1885): Deguchi. T. et al. 
Cancer flis~46T375l-37S5 (1988); Deguchi. T. et al.. Fed. Proc 44, 1684 (1885); Embteton, MJ. et al.. Br. 

10 J. Cancer 49~559-565 (1984) end Pimm. M.V. et al. Cancer Immunol, tmmunother. 12. 1 25-134 (1882); (3) 
antibodies "coupled to toxins, as described, for example, in Uhr. J.W. et al. Monoclonal Antibodies and 
Cancer . Academic Press. Inc., pp. 85-98 (1983). Vttetta, E.S. et al. Biotechnology and Bio. Frontiers, Ed. 
P.H. Abelson. pp. 73-85 (1984) and Vitetta, E.S. et al.. ScL 219. 844-650 (1983); (4) heterofunctional 
antibodies, for example, antibodies coupled or combined with another antibody so that the complex binds 

is both to the carcinoma and effector cells. e.g. killer cells such as T cells, as described, for example, in 
Perez. P. et al., J. Exper. Med. 163. 166-178 (1986); and Law, MA et al. Proc. NatL Acad. ScL (USA) 82. 
8848-8852 (1985); and (5) nativeTle. non-conjugated or non-comptexed. antibodies, as described in. tor 
example. Hertyn. D. et al. Proc NatL Acad. ScL (USA) 79. 4761-4765 (1982); Schuto. G. et al.. Proc NatL 
Acad. ScL (USA) 80. 5407-5411 (1883); Capons. P.M. et al., Proc NatL Acad. ScX. (USA) 80, 7328-7332 

20 (1883): Sears. H.F.~et al. Cancer Res. 45. 5910-5913 (1985); Nepom. G.T. et al. Proc NatL Acad. ScL 
(USA) 81. 2864-2567 (1984); KopfOwsW."H. et al. Proc. NatL Acatf. Sci., (USA) 81. 216-219 (1984); and 
Houghton. A.N. et el.. Proc NatL Acad. ScL(USA) 82. 1242-1246 (1885). 

The methods for combining the antibody or antibody fragment to a desired therapeutic agent as 
described above are conventional and wen known in the art For example, the methods given in the 

25 references above. . 



Radiolmmunogulded Surgery 

so Antibodies, Immunoreactive fragments or recombinants thereof, are Important for radJoimmunoguided 
surgery (RIGS). In RIGS, an Intraoperative therapy, tumors are localized and excised. An antibody labeled 
with an imaging marker is injected into the patient, and bound antibody localized by a hand-held gamma 
detecting probe (GDP) and excised. An exemplary GDP Is IMeonrobeTU, commerdalty available from 
Neoprobe Corporation, Tampa. FU See Martin et al. "Radiolmmunogulded surgery: a new approach to the 

ss Intraoperative detection of tumor using antibody B72.3-, Amar. J. Surg. 156. 386-392 (1888); Martin et al. 
■Radiolmmunogulded surgery: Intraoperative use of antibody 17- 1 A In colorectal cancer". Hybridoma 5. 
S97-S108 (1986). 

Administration and detection of the antibody-imaging marker conjugate as well as methods of conjuga- 
tion of the antibody to the Imaging marker are accomplished by methods readily known or readily 
40 determined by one skilled tn the art. as described, for example, above. 

The dosage win vary depending upon the age and weight of the patient but generally a one time 
dosage of 0.1 to 200 mg of antibody-marker conjugate per patient is sufficient 

The following nonlimiting examples are merely for illustration of the construction and expression of 
chimeric DNA sequences encoding the antibodies of this invention. All temperatures not otherwise indicated 
45 are in Centigrade. All percents not otherwise Indicated are by weight 



Examples 



Replacement of Mouse Constant Regions 

CC antibodies were derived from mice, end are significantly less capable of carrying out the effector 
functions possessed by the human constant regions. 

Consequently, in the following examples, selected antibodies ate "humanized" by geneticaDy removing 
the constant regions of the heavy and Bght chains and replacing them with their human equivalents. 

The mouse tight chain constant region genes were replaced wtth the human kappa (k) 0©"*, and the 
mouse heavy chain genes were replaced with each of the (our human gamma isotypes ( T l . T 2, 78 and y4). 
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Each of these four gamma isotypes possess unique biological properties. For a general review, see The 
Suman IgG subclassYs". Hamrtton, R.Q. (1989) Ooc. No. CB0051-289. Calbiochem Corporation. 



5 Preparation of Heavy and Ught Chain Variable Region 
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Isolation of CC49 fight chain 

CC49 hvbridoma cells secrete an antibody having an »gG» isotype heavy chain and a kappa light chain. 
wSS^OM nybridoma cete. BatoX mouse Wdney cefls and NSI plasmacytoma cells was 
isolated according to the procedures set forth in Ceft 24. 353-356 (1981). 

Generally about 10-20 uo of the extracted DNA torn each ceil One was digested to compteton with BO 
uJtfflZnN. Beam. Zm, Spe I. Xfta I. Sec i.^Bgi U, and Ptt I In 50-100 microliters of a react.cn 
mixture containing the appropriate reaction buffer at 37 C overnight. k *s*M**«rm t~hnlmii» 

Next, the total extracted DNA from each cell One was subjected to the Southern hybrid^ technique, 
developed by E. M. Southern, U Mot Biol. 98. 503-517 (1975)]. The DNA fragments were f^tionateden 
the basis of their size by means of electrojroresls on a 0.8% agarose gel. The double-stranded DNA 
fragments were modified into sing stranded DNA fragments in an alkali solution; and then « > mtjccel utose 
fZwas placed Into dose contact with the gel to transfer the modified DNA segment* onto the f .Iter m the 
presence of a high salt concentration solution. 

Hybridization was carried out using, as the probe, a random primed <32P>-labelled L chain. 
McTe Scalfy. *e probe was a 1.71 kilo base pafr (kbp) Mnd VhPst 1 fragment containing the 
J^JSZT* mJ*Z regions (J1-J5, end was isolated from the P^d^DI A nuc^de 
sequence of the probe fragment Is provided in Fxjure 7. This plasrrJd is described m Srte Ducted 
Deavage of immunoglobulin Gene Segments by Lymphoid Cell Extracts- Agotfaro et * CwJ. Btocheni 
Cell Biol. 63. 969-978 (1985). The plasmid was provided by Nobumichl Hozumi and John Roder. Mt Srnai 
Research Institute. Toronto, Ontario. Canada. . _ . Uoinhtc „ us * 

To radlolabel the probe. alpha<32> dCTP was obtained from Amersham, Arlington Heights, IL, USA, 
and the random priming kH was obtained from Pharmacia, Piscataway. NJ, USA. 

The signals in Southern transfers were visualized by autoradiographyusing Kodak ttOMOTW ARWnv 
No obvio^arranged band was observed Thus, relative to the standards no detected 
on the audiogram for the CC49 DNA digested with Hind III. K could not be ruled out tro^Soui^m 
SatThZ^ M the rearranged band for the L chain was masked by a band n,gra*ng ,r , CW9 «nd 
llUfigested DNA parallel to the band resulting from a Hind III digest of mouse fedney cell DNA (representing 
the germline DNA). This actually turned out to be the case. 
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Preparation of Plasmid Containing Mouse V t Genes 

LAMBDA-ZAPTM, a lambda-based insertion cloning vector capable of sett "'^^f^^ 
Strataoene Co La Jolla, CA. USA. LAMBDA-ZAPTM Is described on pages 20-21 of the 1987 Strategene 

of LAMBDA-ZAPTM were ligated overnight by following the manufacturer's 

^enty micrograms of the ligated LAMBDA-ZAPTM were digested with 5 microliters (I5iur«te) of*. I. 
ourchased from New England Bioiabs, Inc. The total volume of the digest was 100 microlite rs. After 55 
S d^sCamLr 6 units of Spe . were added. After 70 minutes, the reaction was stopped by 
nhenol extraction and ethanol precipitation carried out as per Strategene's protocol. 
^CtT^Sp. . re*S enzyme re**, to p^on *'f«:* tx*«T^e 
^H^^nriQ were modified with T4 DNA polymerase to create half fiDecHn Spe 1 sticky ends, e g-. 
ttr T .^J«» haH DNA p.. W obtained -ntheothano. proton 

I^e wwdtesolved In 8 mlerolltara of water. To tWs was added 2 mlooKer, of 10m" <TT*J 
^fCrt W mafimolar dCTP. 2 rrfcroMer. of Strataoene'. "aT^^jSS « 
«Mod wato,. and 2 mlcroftera of a Ktenow foment from Bethesda "»£°f£ £^T* 

^o„ was carried out a ambient temperate 

^ZSTwTri CC49 hybrids DMA 

prornoler Wtte Land VjZraiwere dlgetfed to compWon wHh Hind III. Fr»flment» between abort 1 
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kb to about 20 kb were cut out of 0.8% agarose gels. The DNA was purified using GENECLEANTU, which 
is commercially available from BIO 101 (La Jotta. CA. USA). 

The total CC49 hybridoma DNA Hind III digested fragments were half-filled similarly to the LAMBDA- 
ZAPWs Spe I fragments wtth the exception thai dATP end dGTP were employed. The half-filled Hind III 
digested fragments produced SAGCTTttGAA sticky ends, which are compatible wtth the Spe I half-filled 
A LAMBDA-ZAPTU fragment above. 

After phenol extraction and ethand precipitation, according to the teachings of Uanlatls, the total CC48 
hybridoma Hind Ul modified and LAMBDA-ZAPTU Spe I modified DNA fragments were ligated by means of 
T4 DNA Ggase The ligation reaction was set using a 6.1 microliter ligation mixture containing the following: 
about 02 micrograms of the total CC49 hybridoma Hind III modified DNA in a 3 microliter solution, about 1 
microgram of LAMBDA-ZAPTU Spe I modified DNA In a 1 microliter solution, 0.6 microliters of Stratagene's 
10X Dg&se buffer. 0.5 microliters 10 millimolar ATP. and 1 microliter of Stratagene Bgase. This was 
incubated overnight In a water bath and the temperature lowered incrementally from about IB C to about 

4* C. This ligation eliminated both the Kind 111 and ihe Spe I srtes. 

A genomic library of ligated mix was made according to Stratagene's protocol. Briefly. 2 microliters of 
the ligation mix produced above was used In Stratagene's Qigapack Gold packaging system, following the 
directions of the manufacturer. Fifteen 150 mm plates having a density of 50.000 plaques per plate were 
screened as per manufacturer's directions, for positive clones by hybridization to nitrocellulose filters, 
obtained from Schleicher-Schuell, Keene. NH, USA. The <32P> random-labelled probe derived from pGDI. 
20 which was described above, was used for hybridization. Two positive clones were obtained. 

Each done was plaque purified and recombinant plasmids (phagemids) of LAMBDA-ZAPTU containing 
the CC49 L chain variable region were obtained by using Stratagene's automatic excision protocol. The 
vector portion of the resulting recombined plasmid Is called pBLUESCRIPT SK(-) and consists of 2964 bp 
as described In the 1987 Stratagene catalog. A plasmid map of pBLUESCRIPT SK(-) Is shown in Rg. 8. 

The DNA from the two positive clones was partially sequenced and both were identical. One of the 
clones, which was named pRLIOI. was used for further studies. 



TO 



IS 



Restriction Mapping of CC48 Light Chain 

pRLIOI was 7.61 kb. and the size of the DNA insert was determined by restriction enzyme mapping to 
be 4.65 kb. A plasmid map of pRLIOI Is shown In Figure 9. A restriction enzyme map of the CC49 L chain 
genomic DNA insert in pRL101 is shown in Rg. 10. 

Isolation of CC83 Light Chain Variable Region 

The procedures used to isolate the CC83 light chain were essentially those used to Isolate the CC49 
tight chain, with the following exception. 
40 A genomic library containing 7 X 10 s plaques was screened using as the probe the <32P> random- 
labelled 1.71 Hind Ill-Psf I fragment derived from pGDI. as described above. One positive clone was 
obtained. The positive clone was named pRL200. 



so 
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45 Restriction Mapping of CC83 light Chain 

pRUOO was 7.44 kb, and the size of the DNA Insert was determined by restriction enzyme mapping to 
be 4.48 kb. A plasmid map of pRL200 is shown in Figure 11. A restriction enzyme map of the CC83 L chain 
genomic DNA insert in pRUOO is shown in Rg. 12. 



60 



isolation of CC49 Heavy Chain Variable Region 



The procedures used to Isolate the CC49 heavy chain were essentially those used to Isolate CC49 light 
65 chain, including the screening of the same CC49 Hind III modified DNA. 

The hybridization probe used to screen the Bbrary was generated from pNPB. which contains a 158 
kbp Eco RJ-Bam HI fragment containing the coding axons for J«3 and Jm4 of the CC48 Immunoglobulin 
heavy chain. The nucleotide sequence of the probe fragment is provided in figure 13. The plasmid was 
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provided by Dr. Nobumfchl Hozumi and Dr. John Roder, Ml Sinai Research Institute, Toronto. Ontario. 

C3n A^enomlc library containing 9.5 X 10 s plaques was screened, from which one positive clone was 
obtained. The positive done was named pHH49. 

6 

Restriction Mapping of CC49 Heavy Chain 

pHH49 was about 7.0 kb. end the size of the DMA Insert was determined by restriction enzyme 
10 mapping to be about 4.0 kb. A ptasmid map of pHH49 is shown In Figure 14. 

Isolation of CC83 Heavy Chain Variable Region 

The procedures used to Isolate the CC83 heavy chain were essentially those used to isolated CC49 
heavy chain, with the following exceptions. 

About thirteen micrograms of ligated LAMBDA- ZAPTU vector DNA were digested with 12 units of SpeK 
purchased from New England Biolabs. Inc.. in a total of 100 microliters of an appropriate buffer The 
LAMBDA-ZAPTM was digested at 37" C for one hour. The reaction mixture was phenol extracted and 
ethanol precipitated as per Stratagene's protocol. The Spe I digested LAMBDA-ZAPTW was dephosphorytat- 
ed- according to procedures set forth in ManiaUs except that 40 fold excess of cart Internal alkal.ne 
phosphatase (Boehringer Mannheim, IndianapoBs. IN. USA) was used. t .... 

DNA from CC83 was digested to completion with Spe I. Fragments between about 3 kb to about ^ 40 kb 
were isolated from a 0.8 percent agarose gel slice by etectroelution as described by Maniat.s, and ligated 

25 with the dephosphorylated Spe l-cut LAMBDA-ZAPTVi vector. MDQ 

A genomic library containing 5 X 10 5 plaques was screened using the probe generated from pNP9, the 
sequence of which is provided in Figure 13. One positive clone was obtained. The posrtrve clone was 
named pHS83. 
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Restriction Mapping of CC83 Heavy Chain 

pHS83 was 7.95 kb. and the size of the DNA insert was determined by restriction enzyme mapping to 
be about 5 kb. A plasmid map of pHS83 Is shown in Figure 15. 

Sequencing of CC46, CC49, CC83 and CC92 mRNA 

Total RNA from about 1 X 10* CC49 ceils frozen at -70 'C was extracted essentially as reported by 
Manlatis. with the following exceptions. Four molar guanldinlum bothlocyanate and 2.5 molar sodium 

citrate. pH 7.0, and a SW40TI rotor centrifuged at 31 .000 rpm were used. 

A total of 2 7 mg of CC49 RNA was Isolated. After centrifugatlon. poly A+ mRNA was purified from 
about 1.6B mg of RNA by otigot<rr>cePulose chromatography using Type 3 oligo{dTHellulose obtained 
from Oonaborrtve Research. Inc. Bedford. MA. USA The procedure was as described by Avfv and Ud*. 
Proa NafL Acad. $cl (USA) 69. 1408 (1972). A total of 50.24 ug of poly A+ mRNA was obtained from 

^^toW^S^m^of CC83 RNA was teolated from approximately 1 X 10 7 cells. A total of 54.6 ug of 
poly A + mRNA was Isolated from 1 51 milligrams of total RNA. 

A total of 0.814 mg of CC92 RNA was teolated from approximately 2.8 x 10" ceHs. A toteJ of 41.88 
so micrograms of poly A+ RNA was isolated from 0314 mg of totaJ RNA. 

60 ^loWof 17 mg of CC46 RNA was Isolated from approximately 2.89 x 10* cells. A total of 68.88 
micrograms of pory A+ RNA was teolated from 1.7 mg of total RNA. 

^nthetic o^rtudeottte primers were synthesized using an W*^™™*^**™^™ 
f ABD Foster City. CA, USA) Model 38QA DNA synthesizer, by phosprwrarnadite-besed chemistry as 
specttted by ABl. The ofigonudeotJdes were purified, as specified by the manufacturer, after elecuophoresla 
onT20% potyacrylarnlde gel containing 7M urea. Oligonucleotide concentrations were determined spec- 
trophotometricany at an optical density of 260 nm, where 1 OD 260 nm unit Is equal to 33 ugfrnL of stngte- 
stranded DNA. 
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The following oligonucleotide primers were made for mRNA sequencing: (1) For the CC49. CC83 and 
CC92 Bght chains. Kl(-). a 22-mer # 
5-GGAAGATGGATACAGTTG GTG C-3 

complimentary to the coding sequence of the 5 end of the constant regjon for mouse immunoglobulin 
kappa chains, Is used to determine the 3' most mRNA sequence of the light chain variable region. 

Additionally, or CC49 Bght chain, 49FR1 (-). a 1 7-men 
5'-GGAAGATGGATACAGTTGGT6C-3' 
was used to determine the remaining sequence. 

Additionally, for CC83 Rght chain. J4ty a 24-men 
5'-CCAACTTTGTCCCCGAGCCGAACG-3 
and also 83L CDR2(-), a 17-mer: 
s'-CAGGGACTCCAGTGTGC-3 
was used to determine the remaining sequence. 

Additionally, for CC92 light chain, J5{-): 
5'-CGTTTCAGCTCCAGCTTGGTCCC-3' 
was used to determine the remaining sequence. 

For the CC46. CC49, CC83. and CC92 y<\ heavy chains. CH1 (*), a 24-men 
5'-ATGGAGTTAGTTTGGGCAGCAGAT-3' . 
complimentary to the coding sequence of the 5 end of the murine . 7 1 heavy chain constant region. The 
CH1 (-) 24-mer Is used to determine the 3-most mRNA sequence of heavy chain variable regions. 

Additionally, for the CC49 heavy chain, JH4{-)-20mer 
S'-GGTGACTGAG GTTCCTTGAC-3 
was used to determine the remaining sequence. 

Additionally, for the CC83 heavy chain, JH2(->-16mer: 
; 5-CTGAGGAGACTGTGAG-3' 

was used to determine the remaining sequence. 

Additionally, for the CC92 heavy chain and the B72.3 heavy chain. B72.3/CC92 HC-20mer 
S'-CCTTGAACTTCTCATTGTAC-S' 

was used to determine the remaining sequence. ^ „ na _ n 

The following procedures were carried out as outlined by Jan Geltlebter in BRL FOCUS 9. 1 (1987). ^ 
The oligonucleotide primers were end-labelled as follows: 100 ng of oligonucleotide were combined in 
50mM Tris HCI (pH 8). lOmM MgCfe. 5mM dHhiothreltol. and ImM spermidine. 100 uCi (r^P) ATP 
(Amersham, 5000 Ci/mMole) and 7 units of T4 polynucleotide kinase In a volume of 13 nl. The reaction was 
allowed to proceed at 37* C for 30 minutes, then heated for 5 minutes at 65 C to inactivate the kinase, and 
then 7 ul of water was added to make the concentration 5 ng/ul. The labelled primers were stored at -20 C 
until needed. ♦ 

Separate samples, each containing about 13 micrograms of polyfA) mRNA of CC49. CC83, CC92. or 
CC46. respectively, were resuspended in 10 ul of annealing buffer [lOmM Tris HCI (pH 8.3). end 250mM 

40 A 5 ng sample of end-labelled oligonucleotide primer was added to each mRNA sample, heated to 
80* C for 3 minutes, and annealed for 45 minutes at ei'C. for the Kl(-> and 65 C for the CH1{-) 
oligonucleotides. AMV reverse transcriptase (Boehrlnger Mannheim) was used at a level of 6 unteforeach 
mRNA sequencing reaction. The remainder of the sequencing was carried out as set forth in BRL FOCUS 9. 
1 (1987) 

4S Initial sequence data showed that the heavy and light chains were rearranged as follows: CC49 kappa 
floM chain used a J5; CC49 7 1 heavy chain used a J«4 The CC83 Bght chain used a J4; the CC83 gamma 
1 used a Jk2. The CC48 kappa fight chain used a J2; the CC48 heavy chain used a J«3 The CC92 light 
chain used a J5; the CC82 gamma 1 used a Jm2. . . iL 

Figure 16 shows the nucleotide sequence of CC49 V H . with the underlined segments showing the 
so sequences derived using oQgonudeotide primers on mRNA. 

Figure 17 shows the nucleotide sequence of CC83 V„. with the underlined segments show the 
sequences derived using oligonucleotide primers on mRNA. 

The entire nucleotide sequences of CC46 V„ end CC92 V* shown In Figure 2, were derived using 
oligonucleotide primers on mRNA 
ss Figure 4a shows the nucleotide sequence of CC49 V u with the underlined segments show the 
sequences derived using oligonucleotide primers on mRNA 

Figure 5a shows the nucleotide sequence of CC83 V u with the underlined segments show the 
sequences derived using oligonucleotide primers on mRNA 
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The entire nucleotide sequence of CC82 V L . shovm In Figure 6, to derived using ongonucteotido 
primers on mRNA. 
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6 Protein Sequence 

Purified murine CC49 end CC83 immunoglobulin molecules were sent to Dr. George Tarr at the 
University of Michigan Protein Sequencing facility for NHHerminaJ amino add sequence analysis. Dr. Tarr 
used the Edman degradation method, as modified by Tarr, G.E., In "Manual Edman Sequencing System'. 
Mlcrccharacterfeatfon of Polypeptides: A Practical Manual (John E. Shively. ed., Humana Press. Inc. Clifton, 
NJ.. pp 155-194 (1888)]. Briefly, Dr. tarr reduced and alkylated the Immunoglobulin molecules. The light 
and heavy chains of the Immunogtobulln molecules were separated by reverse phase HPLC. 

figure 4b shows the amino add sequence for CC49 V L . with the results of the amino acid sequence 
determination for the first 24 amino acids of the mature CC49 V L being underlined, figure 5b shows the 
amino acid sequence for CC83 V u with the results of the amino acid sequence determination for the first 51 
amino acids of the mature CC83 V L being underlined. ASN-20 could not be determined In the CC83 fight 
chain, because of the presence of N -finked carbohydrate residues at this position, whteh is shown in the 
PNGase F experiment below. The sequence Asn-IIe-Thr corresponds to the consensus sequence Asn-X- 
Thr/Ser for carbohydrate attachment to Asn. 
30 Since the heavy chains of immunoglobulins CC49 and CC83 ere blocked at the N-termtnus and 
unavailable for amino acid sequence determination, the native glycopeptide was treated with cyanogen 
bromide {CNBr) to cleave at the methionine residues. The cleavage resulted In fragments, which were 
purified by reverse phase HPLC. N-terminal amino acid sequencing was performed on the CNBr fragments. 

The results of the amino add determination of one of the CC49 V H CNBr peptide fragments are 
indicated as underlined residues in figure 18. The results of the amino acid determination of one of the 
CC83 V M CNBr peptide fragments are Indicated as underlined residues In figure 19. As with CC49. ell other 
peptide sequences correspond to CNBr fragments derived from the constant region of mouse -yl. 
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30 Determination of N-Unked Carbohydrate on CC83 L Chain 

This experiment was done to verify that there Is an N-finked carbohydrate attached to the CC83 tight 
chain, presumably at ASN-20 (see Figure 5b). The enzyme gtycopeptidase F (PNGase F), which is Isolated 
from the culture filtrate of Flavobacterlum menlngosepticvm fjerentino. A. L et ai., Biochemistry 24, 

as 4665-4671 (1985)1 win cleave high mannose and/or biantennary complex sugars N-finked to ASN to 
generate a free carbohydrate structure and an ASP residue from the ASN to which it was attached. The 
difference in molecular weight between the glycosylated and ungiycosylated form of the same peptide can 
be determined by SDS-PAGE. „ i%< 

Twelve microgram reactions with and without PNGase F^Boehringer Mannheim, Indianapolis. IN, USA) 

40 for the purified murine antibodies CC49. CC83 and CC11 F(ab h (a positive control) were carried out In a 
final aqueous reaction volume of 40 microOters. Four microliters of 10 x buffer (1M potassium phosphate. 
0.1 M dtsodium EDTA pH 7.4) were added to each reaction mbc To those tubes designated Nrlth PNGase 
F", 7.5 microliters of PNGase F were also added and an tubes were Incubated at 37 C for 1 h. To the react 
on* tubes was added 40 microliters of LaemmB 2X sample dilution buffer containing 0-mefcaptoethanol. A 

45 10 percent SOS polyacrytamWe gel was electrophoreses the gel stained with Coomassle Brilliant Blue R- 
250 end destained. Figure 20 snows the results. As shown In lane 2. a new band O appears in the PNGase 
F treated CC83 sample but not in the untreated CC83 sample (lane 3). The new band Is approximately 
2,000-3,000 molecular weight smaller than the native Bght chain band, which represents the removal of an 
N-flnted carbohydrate moiety. The only consensus grycosylatton site for the CC83 Bght chain is at ASN 20. 

so so by Inference It is assumed that this Is the actual site of tfycosytetton and why It did not show up on the 
N-termlnal sequence analysis of the CC83 light chains as ASM The CC49 light chain does not change 
mobility when treated with PNGase F (lane 6). but a new band Is observed for the heavy chain fragment of 
CC11 F(ab'h One 4") which serves as a positive control. mRNA sequence data of CC11 heavy chain 
Indicates a consensus gtycosytation site In the V domain (data not shown). The standards (lane 1) are 

65 bovine serum albumin (BSA), MW 88.000 and soybean trypsin Inhibitor (STT), MW 21.500. 



DNA Sequence 
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Plasmid DNA was sequenced directly using the Sequenase DMA sequencing tat obtained from United 
States Biochemical (USB), Cleveland, OH. USA. USB's protocol was followed to sequence coiiblestranded 
DNA The DNA of each variable region was sequenced using the J H or J L oligo determined from the mRNA 
sequence information to be specific for each productively rearranged heavy chain or fight chain gene. 

e respectively. . M . 

After the initial sequences were determined, the sequence was extended further by using additional 
primers. The additional primers were synthesized using Information gathered from the sequences previously 

generated. . 
Using the above technique, the DNA sequences of the entire heavy chain variable region exons and 
to Dght chain variable region exons of CC49 end CC83 were obtained. The DNA sequence was compiled and 

analyzed using Hitachi's DNA sequence analysis software program DNASISTM. 
The following oligonucleotide primers were made for DNA sequencing: 

(1) For both fight chains, C K lntron{-): 

S'-GAAAACCTQTQTCTTACAC 3*. 
ts (2) For the CC49 light chain. CC4Q FBl{ + ): 

S'-GTACCTGTG Q Q QACATTQ 3'. 

and JK5(-)*23mer 

5CGTTTCAGCTCCAGCTTGGTCCC-3 . 
(3) For the CC83 fight chain. CC83 CDR2(-): 
20 5'-CAGGGACTCCAGTGTGC 3', 
CC83 L tntron (-): 

5'GACTTCAAGATACAAATGTTAG*3 . 
and JK4<-)-20men 

s'^caactttgtccccgagccgaacg. 

25 The complete nucleotide sequences for CC49 V L and CC83 V L are shown in Figures 4a and 5a. 

respectively. 

For the CC49 heavy chain, Jk4 <-)-20mer. 

5'qGTGACTGAGGTTCCTTGAC-3' and Jh4 Intron (•): 

5'-GCAAT6CTCAGAAAACTCC. 
so For the CC83 heavy chain. JH2(-)-1 6mer. 

5*CTGAG QAGACTGTGAG-3' 

and Jh2 Intron(-): 

S'-GCAGTAAAATCTATCTAAGCTG. , „^; ftJM 

Thereafter, the sequencing of each heavy chain was extended with the following sequences: CC49/83 

38 HC/5(+) 

5 -GCACTGCTCATGATATGCAAATC-3 ; 

CC49/83 HCVS'H 

5-GATTTGCATATCATGAGCAGTGC-3 : 
and CC49783 H Cham FRl(-) 
40 5-CTCAGCGTCAGACTGCTG-3*. 

The complete nucleotide sequences for CC49 V H and CC83 V„ are shown in Figure 2, 
Comparisons were made between the characterized mRNA sequence and the characterized DNA 
sequence, and between the characterized amino acid sequence wtth the amino acid sequence predicted 
from the DNA sequence. Based on these comparisons, the plasmid clones were identified to contain the 
«5 correct DNA sequence to code for the CC49 and CC83 heavy and Dght chain variable regions. 

The predicted amino add sequences from the nucleotide sequences of the heavy chain variable 
regions of CC49 and CC83. as shown In Figure 2. show extensive sequence similarity throughout the 
framework regions and hypervariebte regions 1 and 2. Hypervariable region 3 is quite different between the 
two due to the recombination of the V M region with different D and Jh sequences, namely that the cc49 y \ 

so heavy chain used a Jm4, and the CC83 gamma 1 usedeJ^ ^ u u 

The extensive DNA sequence homology 5 to the coding regions in the CC48 end CC83 heavy chain 
variable region genes shows the two heavy chain variable region genes were derived from the same 
germtine exons. 
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bolation of VnaTAQ. Oermline Precursor Gene to the Heavy Chain of CC46, CC49, CC83. and CC92 

The procedures used to Isolate the germiine precursor gene to the heavy chain variable regions of 
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CC48, CC49. CC83. and CC92 were essentia^ those used to isolate the CC49 heavy ctan vana^regten 
eWrt that the DNA used to generate the LAMBDA-ZAPTM library came from an Irrelevant hybndoni£ i « * 
S?oV^ 2 Bne which prcSuces antibodies that do not appreciably bind to TAG72). A SB^cfibrary 
^ling approximately 900.000 plaques was screened from which one positive clone w* .isolated. The 
6 £Xe cloTwas named P V„aTAG. pV^TA was about 5-2 kb. and the sire of the DNA Insert was 
determined by restriction enzyme mapping to be about 22 kb. 

DMA sequence of V*»TAQ 

10 The following oligonucleotide primers were used for determining the DNA sequence ol V„«TAG: 

B72.3/CC92 HC-20men 5 -CCTTGAACTTCTCATTGTAC-3 ; # 

CC49/CC83 HC s'(+): 5-GCACTGCTCATGATATGCAAATC-3 ; 

CC43/CC83 HC 5M: 5 -GATTTGCATATCATQAGCAGTGO-3 ; 
rs VhoTAG IVS ( + ): 5 ■CTAAAGTGGAGTCA GGGC CT&3 ; 

VhoTAG IVS (-): 5 -CAGGCCCTGACTCCACTTT AG-3 ; # 

VhqTAG CDR2 (+): 5 -GAATGGATTGGATATATTTCTC-3 . 

The complete nucleotide sequence of V*»TAG is shown in Figure 2. 



so 
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isolation of Human Heavy Constant Genes 

Plasmid constructs containing the various heavy chain human constant regions (p^ F*2, Fh*. and 
ov41 were orovlded by Dr. tlan R. Nrsch of the National Cancer Institute. Bethesda, Maryland. 
^^rX-e mapping was perfc^ed on these genes to confirm their identity. Restncbon maps 
for the human constant regions are enclosed in Figure 21. 
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Chimeric Ught Chain 

Murine CC49 V Region 

The Hind III site of the CC49 fight chain genomic DNA located In 
and C* (see Max. Edward E. et al.. J. Biol. Chem. 256. 5116 (1881) was tost In the cloning procedure whe e 
S&ft llZ were iigated to MMrfF Spe . sites in the IAMBDA-ZAP vector The jpMd 
pRL oT(Figure 9) carried this modification. The Intron Mnd Hi site was regenerated as- outi.ned^ to me steps 
C2r to enabie a Hind m-Bam HI human germfine kappa ligM chain D^ ^t N H.« 
«t »i j BloLChem 257 1516 (19B2) to be Iigated to the murine variable region directly. An steps were 
moJular oiotogy tetfmiques famiDar to artisans and can be found In a manual 

8UC TiSTL, Hhftf . fragment is isolated from pRLlOL described supra A 2*6 kb Bam HhPJM 
fragment is isolated from pBluescdpt 8K(-) (purchased from Strategene). descnbed supra. The two 
fragments are then Iigated and pRLl03. below, Is Isolated. 
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Plasmld pGD1. (described supra), was digested with Ps fl and Hind III restriction enzymes to yield the 
necessary 1.03 kb intron-contalning fragment, and pRL103 was also digested with Pst I and Hind 111 
restriction enzymes to remove the small fragment of DN A In the potylinker. 

The resulting fragments were Dgated with T4 DNA ligase to produce a 5.68 kb ptasmid. called pRLl04. 
A partial restriction map of pQD1 and pRL104 are shown below. 
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Human Ck Region 

Plasmld phum C* was obtained from Dr. John Roder, Mt Sinai Research Institute Toronto. Ontario 
Canape pL£\ b derived from pBR322. with a 12 kb Bam HI fragment coning tmtmm * axon 
inTrted therein. P BR322 is described on page 171 of ^82 1 

fragment restriction map is shown below [from Helter. P. et el.. J. BIoL Chem 257, 1516 (1682)]. 

phumCk 
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Hindlll 



BamHI 



3 



enhancer 



BamHI 



95 



Ck 



31 



EP 0 385 997 A2 



The plasmid phum C* was digested with Hind 111 and flam HI restriction enzymes to yield e 5.0 kb 
fragment containing the human C* exon. P RL104 was digested with Ftp I and Hind ill restriction enzymes 
to yield a 4.2 kb fragment, containing the mouse fight chain variable axons of CC49. 

The two resulting fragments were Joined with T4 DNA Dgase to produce a 9.2 kb fragment among the 
s mixture of resulting fragments. This mixture was digested with flam HI to yield an 7.7 kb Sam HI CC49 L 
chain chimeric construct with flam Ht sticky ends, which contains both the mouse variable region exons and 
the human constant region (kappa) exon. These constructions utilize the human enhancer sequences and 
the murine promoter sequences. 

The chimeric flam HI fragment containing both the murine Dght chain variable region exons (L and VJ) 
io and the human constant region kappa (k) exon ws ligated Into the BamHI site of with the plasmid pSV2neo 
(5 6 kb). a pBR322-dertved plasmid containing the selectable marker gene neo (obtained from ATCC). The 
presence of the active neo gene renders a cell resistant to growth Inhibition by Genelictn, a neomycin-like 
drug also called G418. 

The chimeric flam HI fragment was inserted into pSV2neo m both orientations as shown below. Both 
transcriptional orientations of the chimeric Dght chain gene, relative to the neo gene, were constructed. 
Plasmid pSV2neo was linearized at the Bam HI site, dephosphorylated (according to procedures set forth in 
Manfatls) using ceif intestinal alkaline phosphatase (to prevent sett-cation) and ligated with chimeric CC49 
L chain flam HI fragments from above. 
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The transcriptional orientations of the neo gene and the CC49 chimeric light chain are indicated by 
arrows in pRL150 and pRLIOS. The portions are derived from pSV2neo are indicated. These plasmids were 
purified on a large scale from preparative scale (1.0L) fermentation of £ coll clones replicating each of the 
45 plasmids. The purified plasmids were used to Introduce the chimeric CC49 light chain into SP2/0 
plasmacytoma cells as discussed below. 

Murine CC83 Vt Region and Human Ctc Region 

so 

The md m site in pRL200 which was lost in the cloning process of the CC83 light chain was 
regenerated for the same reason as for the CC49 right chain chimeric construction. The regeneration was 
accomplished as follows. The plasrrud pRL200 was Dneartzod at a unique Nhe I sfte, and both of Its sticky 
ends were converted to blunt ends by fiiBng in with dNTPs and DNA polymerase I. A Bam HI phosphorylat- 
55 ed Bnker (purchased from New England Bfolabs) was Dgated to the filled* ate. The new plasmid is called 
pRL201 and is shown below. 
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The 2.5 kb Bam Hl-Pst I fragment from pRL201 containing the CC83 light chain variable region 
genomic DNA was conveniently Hgated to the 4kb Bam HhPst I vector fragment from pRLlW which was 
described earlier In the CC49 light chain constructions and which tiready had the Hind Hhbearing intron 
fragment The new plasmid is called pRL202 and Is shown below. 
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The approximately 5.0S kb Fspk-Hlnd III fragment from pRL202 was Isolated and Egeted with the human 
Ck-contBining 5.0 kb Hind Ill-Sam HI fragment already described for the CC49 light chain chimeric 
construction. The generation of the CC83 Bght chain vector was accomplished from this point in an identical 
fashion as carried out for the CC49 Bght chain. The resulting as kb Sam HI CC83 light chain chimeric 
construct was also ligated to p8V2neo-Sam HI (phosphatased) and ptasmlds wtth both possible orientations 
of the Insert were obtained as diagramed below. 
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The transcriptional orientations of the neo gen© and the CC83 chimeric light chain are Indicated by 
arrows in pRL203 end pRL230. These plasmlds were purified on a large scale from preparative scale (1 JOL) 
fermentation in a commercial incubator of B. coll clones replicating each ol the plasmlds. The purified 
pla&mlda were used to Introduce the chimeric CC83 Pght chain Into Sp2/0 plasmacytoma cells, as 
discussed later. 

All four of the chimeric fight chain plasmid constructs (pRLlOS. pRL150, pRL203 and pRL230) can be 
linearized by digesting with the restriction enzyme Aat II. The Aat II site in the plasmids Is In a region that 
is not essential (or the expression of the chimeric Bght chain gene or the selectable marker gene, neo. 



Chimeric Heavy Chains 



so 



65 



Human Gamma Constant Gene Scons 

The ptasmtd vector used to cany the chimeric heavy chain constructs Is designated pSV2gpt set forth 
in Mulfiaan and Berg, "Selection of animal cells that express the £ coll gene coding for xantWne^uanine 
phosph^bosyltransferese-. Pre*. Waft Acad Serf (USA) 78(4). 2072-2078 (1982). pSV2gpt is a pBR322 
derived plasmld containing the selectable marker gene, guanine phosphorfcosyl transferase (gpt). which can 
be used for selective growth In media containing mycophenoOc acid. To prepare pSVgpt as a recipient for 
the human Cy1. Cy2, CjA axons, it was digested with Eco Rl and Bam HI. The digested DMA was 
fractionated on a 4 percent potyacrytamlde gel and the 4.5 kb vector fragment was recovered from the gel 
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by electroelution as described In Man/ate. This finearfzed plasmld was designated pSV2gpt/R/B. a plasmid 
map is shown In Rgure 22. It Is able to accept Eco Rl-Sam HI ended fragments. 

The 5' Hind III sites, present on the human IgG, constant region fragments, were converted to Eco Rl 
sites for directed cloning into the Eco Rl site of pSV2-gpt For -,1 . y2 t T 3. and yA. the Eco Rl site in vector. 
6 pBR322 was employed. 



C7I 

10 The fragment containing the human C7I exorts was obtained by digesting and linearizing pyl wtth Hind 
(II followed by filling In the Hind III sticky ends using all four dNTP*s and the Klenow fragment of DNA 
Polymerase to make the Hind III ends blunt. An Eco Rl linker was Dgated to the blunt ends to replace the 
Hind III site with an Eco Rl site. This construct was then digested with Eco Rl and flam HI to release a 7B 
kb fragment containing the Cyl exorts. This fragment was called kb. 

is The fragment were each ligated into the Eco Rl-Sam HI sites of pSV2-gpt/R/B. This vector (pSV2-gpt- 
7 l-72) design allows us to insert any murine heavy chain variable region gene (with Eco Rl ends) into the 
Eco Rl site of the human IgQ heavy chain vectors. More specifically. 125 ng of the human C7I-7.8 kb 
fragment was figated to 100 ng of the linearized pSV2gpt/R/B vector In a volume of 10 ul using 400 units of 
T4 DNA ligase (obtained from New England Blolabs). Frozen competent E. coil DH1 cells from Invitrogen 

20 (San Diego. CA) were transformed with a Ogatton reaction according to the Invftrogen's protocol. The 
resulting plasmid was designated pSV2gpt7t-7.8. A plasmid map of pSV2gpt>1-7.8 Is shown in Figure 23. 

In addition, another shorter fragment containing the Cy1 exons was generated. Concerns about the total 
size of the chimeric heavy chain vector, with a 7.8kb C7I fragment a 4.5kb pSV2-gpt/R/B vector, and a 
CC49 variable region of 1.9kb (total = 14.2kb) prompted the need to reduce the large size of the 7.8kb Cr1 

25 Eco Rl-Sam HI fragment The coding region of 7.8kb C7I occupies only the first 1/3 of the 5 end of the 
fragment 

Size reduction was accomplished by converting a downstream Pvu II site to a Sam HI site by blunt-end 
addition of a Bam HI Bnker. The Hind 111 site of D7-I was converted to an Eco Rl site by digestion of py1 
with Hind ill. filling in the 3 end to create a blunt end, and addition of Eco Rl linkers as above. The Pvu II 

so site £3 kb downstream was converted to a Sam HI site by subsequent digestion with Pvu II end ligation of 
Sam HI linkers directly to the blunt Pvu II ends. TWs construct was then digested with Eco Rl and Sam HI 
to release a 2.3 kb fragment containing the C7I exons. The shortened Eco Rl- Bam HI fragment (2.3 kb) still 
contains the 7 1 exons and the 3' potyadenytation sequence. TWs reduces the total vector size by 5.5kb, 
making the overall construct more manageable (totaJ-8.7 kb). 

35 Approximately 200 ng of the human C7I 2.3 kb fragment was ligated to 100 ng of the linearized 
plasmid pSV2gpt/R/B vector in a volume of 10 ul using 400 units of T4 DNA Dgase (New England Blolabs). 
Frozen competent £ caff cells, obtained from Invitrogen. were transformed with the ligation reaction 
according to Invftrogen's protocol. The resulting plasmid was designated pSV2gpWl-2.3. A plasmid map of 
pSV2gpt T V2.3 Is shown In Rgure 24. 

40 DNA fragments containing the other three human IgG constant region exons were also isolated. The 
C72 exons were recovered from the plasmid p?2 as a 4.0 kb Eco Rl-Sam HI fragment The 0,3 exons were 
recovered from the plasmid p?3 as an 8.0 kb Eco Rl-Sam HI fragment The CM exons were recovered 
from the plasmid py4 as a 7.6 kb Eco Rl-Sam HI fragment. The fragments were separately ligated into a 
pSV2gpt/R/B as described for Oy 1-7.8 and Cy 1-2-3. Plasmid maps of the resultant plasm ids ere shown in 

46 Rgure 25. pSV2gpt-y2; Figure 26. pSV2gpt~r3; and Rgure 27, pSV2gpt-r4. 

Heavy Chain Chimeric Constructs: 

« The complete heavy chain variable region human y1 constant region chimeric constructs were 
generated by inserting a fragment containing the murine heavy chain variable region exons Into the 
plasmids containing the human Y 1 constant region exons described as follows, 

Eco Rl fragments containing the murine heavy chain variable region genes from CC49 and CC83 
hybridoma cells were then ligated Into each of the 7 1-r4-containlng pSV2-gpt vectors (pSV2gpWl; 

as pSV2gpt-r2; pSV2gpt-r3; pSV2gpt~r4;) as follows. 
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A fragment containing the heavy chain variable region ^^^^l^ a ^\^^c 
reoton was prepared by digesting 14 tig of pHH49 with 50 units of Eco RI (obtained from BRL) at 37 Cfor 
2 CrHhXS was Sated o'n a 4 percent P-W^^ 

containing the heavy chain variable region exons of CC48 was recovered by electroelution as described by 
6 Mttnlatis. This fragment was designated t49R. 

A fragment containing the 7.8 kb sequence encoding for 7 1 was prepared as follows. 

Approximately 50 ug of the vector pSV2gpt 7 1-7JB was digested with £ coRI The ^uft^ f^ent 
wasXtosphorylated (to prevent serf rtgation) using caff intestinal alkaline phosphatase asde^cribedby 
Man/ef/irne fragment was purified from the OA percent agarose gel by electroelution. This vector was 

10 d ^C^ V ^s 1 lo^ 245 bp upstream of the transcription Wtiafion sites, and contains the promoter 
and the necessary tissue-specific sequences for efficient expression. The Intron regions 3 of the variable 
region genes contain the murine heavy chain enhancer sequences which are absent on the human igo 
heavy chain vectors. Therefore, the heavy chain chimeric vectors use both murine promoter and enhancer 

T6 ^C^mately 325 ng of nneanzed pSV2gpt 7 1-7^ was Hgated with 188 ng of f49R In a volume oflO 
uL wSh 1 unH of T4 DNA Bgase (BRL). Frozen competent £ cod ACM cells from Strata^ w^e 
transformed with the ligation reaction according to their protocol. The resulting plasm.d was designated 
D4&7V7.8. Figure 28 Illustrates a ptasmid map for p49 7 1-7.& . 

Approximately 50 ug of the vector pSV2gpW1-2.3 was digested as for SV2gpt 1 r1-7A wilt . £co FU. The 
resurL fragment was dephosphorylated using caff intestinal alkaline P"°^° w 
Manfatis. The fragment was purified from an 0.8 percent agarose gel by electroelution. Th.a Imeanzed 
plasmid was designated pSV2gpt T 1-2m 

Approximately 300 ng of the linearixed plasmid pSV2gpt *1-2.3/R was hgated with 188 ngj d [ f49R tn a 
volume of 10 ul with 1 unit of T4 ONA llgase (BRL). Froren competent £ caff AG-1 cells from Stratagene 
(La Jells, CA) were transformed with the ligation reaction according to their protocol. The resulting plasmid 
was designated p49 y 1-2.3. Figure 29 Illustrates a plasmid map for PW*& 

Plasmids P SV2gpt-r2. pSV2gpt->3 and pSV2gpW4 were separately digested ^/ c ° ™ * 
the linear plasmid vectors pSV2gpt^. pSV?gpt-,3/R and oSV2gpt^respectvely Each ' «**~3 
linear plasmid vectors were separately II gated with f49R. Plasmid maps of the resulUng plasmids are shown 
in Figure 30. p49-r2; Figure 31 . p49-y3; and Figure 32, p49-r4. 
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CC83 



Chimeric constructs containing the heavy chain variable region of CC83 were ^^J"^ 6 '^ 
manner as the chimeric constructs of CC49. A fragment containing the heavy cham variable region exons 
coding for the CC83 heavy chain region was prepared by digesting 19 ug of pHS83 with 50 unto of Ew R 
(obtained from BRL) at 37* C for 2 hours. The digest was fractionated on a 4 percert polyacrylarrtde gel 
and the 2.9 kb Eco RI fragment containing the heavy chain variable region exons of CC83 were recovered 
by electroelution as described In Manlatls. This fragment was designated fB3 PL 

Approximately 300 ng of the Rnearized plasmid pSV2gpW1.7.B/R, obtained as above, was Hoated wrth 
270no oH83R in a volume of 10 ul with 1 unit of T4 DMA ligase (obtained from BRL). Frozen competent £ 
CO// AG-1 cells, obtained from .Stratagene, were transformed whh the ligation reaction according to 
It^tagene-s protocol. The resulting plasmid was designated 083,1-7.8. Rgure 33 illustrates the plasmid 

90 ng of Hnearlzed plasmid pSV2gpt 7 1-SL3/R obtained as above, was Ogatod with 270 
ng ofSH a vWof 10 u. with 1 unit of T4 DNA llgase (BRL^Frozen c^ntE ^TAGMceUs 
from Stratagene were trar^sformed with the BgatJon reaction according to their protocol. The resulting 
m**mH was deslanated d83y1-2-3. Figure 34 illustrates the plasmid map of d83y1-23. 

^BBhWrt pSV20P»-r*R. respectively, wtth Eco RI to produce the Br>esr plasmid vectors 
pt^^^^K^flPt-^m respectively. Esc*, of these 5 Minea, ptanld vectorswere 
Separately Bgatod wtth MOR. Plasmid mips for the resuWnfl plasmids are shown In R 9 ure 35. pISH* 

d49-i3- p83-r3; p49-r4; and p83-r4) were then Bnearteed for transformation by digesting with the restriction 
enryme Nda I. The Nde I site in the plasmids Is in a region that Is not essential for the expression of the 
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chimeric immunoglobulin gene or the selectable marker gene, gpt. The plasmids need to be in a linear form 
prior to transformation Into a recipient cell to enhance selected Integration of the ONA into the host cell 
genomic DNA. 



s 

Verification of Construction 

Since the EcoRI fragments can be Bgated in either orientation, the correct orientation was determined 
by digestion with Nco I. In the constructions set forth ebove. correct ligations for plasmid construction are 
to confirmed by performing restriction enzyme site mapping on the plasmid. The restriction enzyme map 
generated from restriction enzyme digestion end gel electrophoresis is compared to that which can be 
theoretically generated from the individual starting fragments. Because of the experience with the transcrip- 
tional orientation In the fight chain vectors, the heavy chain vectors were constructed only in the opposite 
transcriptional orientation to the gpt gene. 



Transformation of Plasmid s into Mouse Plasmacytoma Ceils 

When both fight chain and heavy chain chimeric genes were transformed into the same cell, tetrameric 
20 (H 2 U) Immunoglobulins are obtained. Synthesis and secretion of these "chimeric" antibody proteins was 
accomplished by introducing the chimeric (mouse V:human C region) genes into mouse plasmacytoma 
cells{Sp2/). Transformation was achieved by electroporation [Sahagan, B.C. et ah, J. Immunology 1 37, 1066 

{1986)]. „ 
Expression of chimeric (mouse V:human C region) genes in transformed mouse plasmacytoma ceils 
25 (Sp2fl>) is achieved using two different techniques. In one mode, different ratios of light chain genes to 
heavy chain genes can be Introduced together. This is referred to as ^transformation. Alternatively, stable 
clones carrying the chimeric light chain gene can be obtained and subsequently used In a second mode 
referred to as targeted transformation . In each method, the goal Is to obtain clones containing genes for 
both the H chain and L chain which produce Intact H 2 U Immunoglobulin mentioned above. 
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A Cotranstormatjons 



Co-transformation involves the transformation of cells with both drug resistance markers at the same 
time and subsequent selection with one or both drugs. Co-transformation of heavy chain and light chain 
vectors (at ratios of 1:1 and 1:10. respectively) was originally performed using only neo selection. Neo- 
reslstant ceil Dries were obtained which expressed the first chimeric IgQl antibodies with demonstrable 
TAG72 binding activity, (^transformation was conducted pursuant to the protocols set forth In Cornelia 
Gorman. "High Efficiency Gene Transfer into Mammalian Cells". DNA Cloning . Vol II. D. M. Glover ed, IRL 
40 Press, Oxford, England (1985). 



B. Targeted Transformations 

Constructs containing fight and heavy chimeric immunoglobulin genes were sequentially transformed 
using into Sp20 mouse plasmacytoma ceils. Targeted transformation Involves transformation and selection 
with a vector containing a first drugrresistance gene (i.e., Geneticin for the chimeric light chain gene vector), 
followed by transformation end selection with a vector containing a second drug resistance gene 0*-. 
mycophenoBc add for the chimeric heavy chain gene vector). 



Neo Selection 

Prior to transformation with pSV2-neo vectors which contain chimeric Ight chain constructions, drug 
selection conditions for inhibition of growth of untransformed Sp2/0 ptesmacytoma ceils [obtained from the 
American Type Culture Collection (ATCC)] were established by titration of the neomycirHlke drug. 
Geneticin (GIBCO). Published values for ccrrarrtrations of GenetJcln used for drug selection ranged from 
100-1000 ug/mL Concentrations above 400 ug/mL were found to prevent growth of Sp2/0 cells In our 



38 



EP 0 366 997 A2 



tissue culture environment 

Construction of Ught Chain Containing CeDs 

* Sp2/0 mouse plasmacytoma cells were initially transformed with light chain-containing pSV2-neo 
vectors as follows. Cells were grown in RPMI 1640 medium with S percent fetal calf serum. Cells were 
washed In PBS and suspended to a concentration oM x 10 7 viable cellsAnL PBS. 0.8 mL ol cells were 
transferred to an electroporation curvette (on tee} containing 20 ug of tight chain-containing pSV2-neo 
ro vector (pRL1 05 and pRL 1 50 for the CC49 chimeric L chain and pRL203 and pRL230 for the CC83 chimenc 
I chain) linearized with Aat II restriction ertdonudease. Aat H was Inactivated by heating the samples to 
65 ■ C for 10 minutes. The linearized DMA was ethano! precipitated and subsequently dissolved In 10-20 
microliters of PBS. After 15 minutes on ice, electroporation was performed using a Gene Pulser elec- 
troporation apparatus wtth added capacitance extender (BloRad) at 0.2 kvolts and 960 uF. The time 
78 constant (t)wss generally about 26 msec. 

After transformation, cells were allowed to recover on Ice for 15 minutes to allow relaxation of perturbed 
membranes. Afterwards, the cells were suspended In 24 mL of RPM1 1640 medium containing 5% fetal calf 
serum (RPMI*) and transferred to a 96 or 24 well plate. To decrease the probability of more than one drug 
resistant cell per welt, the cells were also diluted 10-fold in medium (RPMI + ) and plated into another 96- 
20 well (or 24 well) plate. The cell suspension was Incubated at 37* C and 5 percent CCh atmosphere. 

After 48 hours (to allow for expression of drug resistance), the medium was removed and replaced wtth 

medium containing 1 mg/mL Geneticin. 

After 7-10 days, Genetidn-resistant clones were subcuhured and the cells screened for chimenc light 



chains by cytostalning. 



Cytostalning 



Aliquots of cells were pelleted onto a glass slide using a cytospin-2 centrifuge (Shandon. Inc.). After air 
30 drying, the cells were fixed In acetic add/ethanol (5 parte acetic add/95 parts ethano!). After rinsing 3 times 
with PBS (without CA* 2 and Mg* 2 ). the slides were placed in a humid chamber (100% RH). end stained for 
20 minutes wtth 20 ul of goat arrtHwman Kappa-FTTC, a fluorescent dye-conjugated antibody r which i Is 
specific for human kappa light chains. The conjugated antibody was diluted 1:3 with 1% BSAin PBS-After 
washing overnight with PBS. the slides were mounted wtth fluoromourtt-G. histologic mounting medium 
35 (obtained from Southern Biotech) under a coversflp. The slides were observed with an Olympus model BH- 
2 microscope equipped with an epHlluminatJon U.V. attachment „ U4 . . . 

Based on the Intensity of fluorescence, the constructions wtth the onentatton of the light chain in 
opposite transcriptional orientation relative to the direction of transcription of the neo' gene In the vector. 
waVfound to give the highest L chain expression. Therefore, pRLIOS was the preferred CC49 L cham 
40 construction and pRL230 was the favored CC83 L chain construction. As a result of these experiments the 
following chimeric light chain-containing cell lines (derived from Sp2/0) were used for the targeted 

trw^om^tions^ L ^ ^ |lftfl (4eK .i3-i3) was obtained which expressed the chimeric 

fight chain derived from CC49. This cell line was used for all subsequent targeted transformations wtth 

45 chimeric heavy chain vectors for constructs using the chimeric CC49 fight chain. 

For the CC83 chimeric L chain three cell lines (83K-26-5. 33K-34-10. and 83K-42-2) were obtained 
which expressed the chimeric light chain derived from CC83. One cefl Bne (83K-26-5) stained more 
intensely than the others and had localized regions of cytoplasmic Inummofluorescence. AH three cell lines 
were compared for their relative ability to produce high levels of chimeric antibody after transformation with 

so the chimeric CC83 g1 heavy chain vector. More clones expressing chimeric antibodies were derived from 
etec^poration of the 83K-34-10 target than either of the other two chimeric Ught chain target celt lines. 
Therefore, the 83K-34-10 light chain cetl line was used as a target for subsequent electroporations wtth 
chimeric heavy chain vectors for constructs containing the CC83 Bght chain variable region. 



66 



Generation of gpf Resistant done* carrying CC49 and CC83 chimeric H chain corAStructtons 

Prior to transformation with PSV2-gpt vectors, which contain chimeric heavy chain constructions, drug 
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selection for tnhfbWon of growth of untransformed Sp2/0 plasmacytoma cells [obtained from the American 
Type Culture Collection (ATCQ1 were established. Conditions for drug selection of cells transformed wfth 
pSV2-gpt vectors were more difficult to establish. The E, coff gpt gene, which codes for the enzyme 
guanosine phosphodbosyl transferase, confers the ability to utilize xanthine and hypoxanthine as substrates 
tor the biosynthesis of guanine when the mammalian guanine metabolic pathway Is inhibited by 
mycophenofic acid (MPA). 

Published values for the concentrations of MPA which allow for the growth of other lymphoid cell fines 
transformed with pSV2-gpt vectors were found to be almost two orders of magnitude too high to allow for 
the growth of Sp2/0 cells transformed with pSV2-gpt vectors In our tissue culture environment Subse- 
quently, a concentration of O.lug/mL of MPA was found to be optimal for selection of gpt resistance. In 
addition, the use of aminopterin and thymidine (to further shut down the guanine pathway) was found to be 
unnecessary. 



ts Generation of Ctones Producing of Chimeric 44 Antibody 



CH44-I 

20 49K-13-13 cells were used as a target for chimeric heavy chain constructs. The cells were transformed 
with 20 ug chimeric heavy chain DMA vector (p487l-7.fi or p48 v l-2.3) linearized by Nde I digestion. 
Transformation by electro porati on was performed as above for chimeric fight chains. 

Selection after 48 hours, however, was performed by replacing the genetidrvcontainlng medium with 
medium containing geneticin and 0.3 ug/mL mycophenofic acid. 250 ug/mL xanthine, and 10 ug/mL 

26 hypoxanthine. 

Transformed cells grew to macroscopically visible colonies In 14 days. At that time. 50ul of supernatant 
was removed and assayed by EUSA methods for binding to TAG and expression of human IgG constant 
region. Wells containing cells with positive TAG binding were expanded to 24-well plates with fresh drug 
selection medium and allowed to grow for 3-7 days. 

90 Subcloning was performed as follows. Viable cell counts were determined and the cells were replated 
into two 96-wefl plates. One plate received 50 viable cells and the other received 250 viable cells. The 
unsubctoned cells were expanded to 6-wefI plates until the cell density was sufficient to allow for storage in 
liquid nitrogen In the event that re-eubclonlng would be necessary. 

After subcloning, those clones exhibiting the highest chimeric antibody production were selected for 

as chimeric antibody production in b tore actors. 



CH44-2 

40 The Procedures used to sequentially transform the Sp2/0 plasmacytoma cells In the construction of 
CH44-1 were repeated with the exception that 20 ug of p49-ir2.was used as the chimeric heavy chain 
vector. 

45 CH44-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 tig of 049^3, was used as the heavy chain vector. 

60 

CH44-4 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 ug of p49~y4. was used as the heavy chain vector. 

65 

Generation of Ctones Producing of Chimeric 88 Antibody 
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CH38-1 

The procedures used to sequential* transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the following exceptions: 

83K-26-5 83K-34-10. and 83K-42-2 cells demonstrating production of chimeric CC83 fight chain were 
transformed as described in the transformation of CH44-1. with the exception that 20 ug of oW™ or 
08^1-2.3, the pSV2gpt vector which contains the chimeric CC83 heavy chain gene was used as the heavy 
chain vector. 



10 



is 



20 



CH88-2 



The procedures used to sequentially transform thB Sp2/0 plasmacytoma cells in the construction of 
CH3&-1 were repeated with the exception that 20 ug of p83-r2. was used as the heavy chain vector. 



CHB8-3 



The procedures used to sequentially transform the SpZp plasmacytoma cans In the construction of 
CH8B-1 were repeated with the exception that 20 pg of D83-73, was used as the heavy chain vector. 



CH88-4 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH8S-1 were repeated with the exception that 20 ug of p83-y4. was used as the heavy chain vector. 

Generation of Clones Producing of Chimeric B4 Antibody 

Because of the high degree of sequence similarity between the heavy chain variable regions of CC49 
and CC83 chimeric antibodies were generated whose Bght and heavy chains were derived from different 
parents by mixed targeted transformations. To generate both "mixed- combinations, the chimeric heavy 
chain 7 1 isotype vectors of CC49 end CC83 were electroporated Into the chimeric light chain targets 
83K34-10 and 49K-13-13 respectively. The resulting cell lines were designated CH48-1 and CH84-1, where 
the first numerical designation represents the heavy chain and tight chain parents, respectively. For 
example, CH48-1 represents the 7 1 Isotype with the heavy chain derived from CC49 and the light chain 

derived from CC83. ^ ^ , ^ k^ q 

The CH4S-1 composite antibody did not bind to TAG72. This was not due to the ir^nty to m^bcma 
Tide chimeric antibody. Since most drug-resistant cell fines produced chimeric IgQ (es determined by EUSA 
analysis using Goat Anti-Human Ig trap with Goal Anti-Human IgG-Alkallne Phosphatase es a probe), if any 
btndtng affinity were present, ft was significantly toss than that observed for the first generation «*j>ody 
B723 which was approximately an order of magnitude toss affinity for TAG72 than either CC49 or CC83. 
Surprisingly, CH84-1 bound to TAG72 with affinity similar to both parents. This new antibody was 
46 generated de noVo In our laboratory and has not yet been detected in nature. 

Competition studies were undertaken to determine the specificity of this new mixed-antibody. CH84-1. It 
should be noted that both CC48 and CC83 exhibit some competitive recognition for the TAG72 antigen. It 
was found that CHS4-1 competed more with CC48 for binding to TAG72 than it did with CC83. This would 

indicate that the specificity for binding to TAG72 Bes in the Bght chain. 

eo Human T 2, -3. and -4 isotypes were also generated with this rrtfxed-ejtfibody. producing CH84-2, CH84- 
3, CH84-4 clones. 



25 



SO 



J5 



40 



CH84-1 



K 



The procedure used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the following exception: 

48K-13-13 cells dernonstrating production of CH44 light chain by cytostaining were then transformed es 
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described in the transformed of CH44-1, with the exception that 20 ug of p83r1-2.3. the pSV2gpt vector 
which contains the CH83 heavy chain gene was substituted for p4&r1-2.3. the pSV2gpt vector which 
contains the CH44 heavy chain gene. 

9 

CH84-2 

The procedures used to sequentially transform the Sp&O plasmacytoma ceils in the construction of 
CK84-1 were repeated with the exception that 20 ug of 083-^2, was substituted for 083^1 -2.3. 

to 

CH84-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
is CHS4-1 were repeated with the exception that 20 ug of p83-73, was substituted for 083^1 -2.3. 



CH84-4 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-r4. was substituted for p83yl-2.3. 



Purification of Recombinant Antibodies 

Cells expressing the chimeric antibodies were removed by centrtfugallon from the culture medium and 
the medium was filtered through a 0.2um filter. Chimeric antibodies were purified In two steps from culture 
supernatants. In the first step of the purification, a protein A affinity cartridge (Nygene Corporation Yonkers. 
NY) was utilized according to the manufacturer's specifications. Up to 1.0 L of culture supernatant was 

w passed through a 1 mg capacity cartridge, at 5 mUmin. The cartridge was washed wtth phosphate buffered 
saline (PBS) to remove traces of albumin. The chimeric antibody was recovered by elutlon with 0.1 M 
sodium nitrate buffer. pH 3.0. The pH of the fractions containing the chimeric antibody were Immediately 
adjusted to neutrality with a 1M solution of Trizma base. Rnal purification was achieved from this solution, 
after concentration on an Amicon centricon 30 unit by gel filtration using a Pharmacia Superose 12 HR 

36 16/50 column as specified by the manufacturer (Pharmacia. Pisoataway. NJ). 



EXAMPLE: Generation of an Immunogtooulin Containing the Murine VhqTAG germ line Variable Region 

The following examples are set forth to provide a skilled artisan wtth a reproducible technique for 
preparing an antibody having a V H region encoded by a DNA sequence derived from VhoTAG. 



Components for an Expressible VhpTAG Heavy Chain Gene 

45 

A mouse-human chimeric antibody molecule can be generated which contains the murine VkoTAG 
germane heavy chain variable region, a tight chain variable region that is complementary to the VhoTAG V* 
such as either the CC49 or CC83 murine Bght chain variable region, and human constant regions. 

The 22 M> HindR! germBne DNA fragment containing the VhbTAG V m exon sequence (s used as a 

so template to obtain a furtcttonalfy rearranged VhoTAG variable region. The murine genomic J-Cu Intron 
region Is used as a source for the murine heavy chain enhancer sequences. This latter region Is obtained 
from the plasmld pNPO (see example above on •Isolation of CC49 Heavy Chain Variable Region"). Figure 
38 shows the overall reaction for the engineering of hybrid genes based on the method of Horton et at, 
(1989), supra. Four oligonucleotides (oQgos) are designed to be used In enzymatic amplification and 

as modrficaUon of the target DNA. ODgo 1 anneals to the 5 end of VhoTAG spanning the £coRI site which Is 
249 bp 5' to the ATG Initiation codon. ODgo 2 anneals to sequences complementary to the 3 and of the 
VmaTAG exon and also contains sequences coding for a 0 segment The D segment sequences tn 0II30 2 
do not anneal with any VhbTAQ sequences. Oligo 3 contains sequences complementary to the 5 end of 
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10 



16 



the murine genomic J-Cu region and incorporates sequences encoding the D segment (same as in cfigo 2) 
and the J segment Otlgo 4 anneals to the 3 end of the J-Cu region and contains sequences complemen- 
tary to the EcdRl site located 1219 bp 3 to Jh4. The sequence of these oiigos follow: 
OOgo 1 5* GTCTAGAA TTCA TAAAAACTTTATQ (25 mer) 

Ofino 2 CAGTGTATTTCTGTAAAAGATCTACTATQGTTACQ (35 mer) ^^^ AA „ AA 
ungo «: ^ s TCTACTATGGTTACG TGGGGTCAAGGAA- 

CCTCAGTCACCQTCTCXTCAGGTAAGAATGGCCTCTCCAQQTCT 3' (72 mer) 
Stioo 4 5 ACTTCTAAAA1 6 1 Al 1 1 AG AA 7TCATTTTC 3 

h this example, the D sequence is SP2.3 taken from the published sequence of Kurosawa and 
Tonegawa J. ExpMed., 155501 (1982). The D sequence is shown In bold face type in ohgos 2 and 3 Any 
o^cfwacterteed murine or human 0 segment can be used by substituting their sequence in these 

Dosttorts of oflgo 2 and 3. . 

The J segment in ollgo 3 is underlined. It is the murine J«4 taken from the published sequence erf 
Gough and Bernard Proc. NatL Acerf. ScL (USA), 78509 (1081). The inclusion of any other munne of 
human J segment can be made by substituting their sequences for the sequence of Jh4 in oligo 3. 

in ollgo 1 and 4 the £coRI sites (GAATTQ are shown In Italics. 



20 



25 



30 



Assembly of intact VhbTAQ Genes 

Two separate DNA amplification reactions are performed using the components described above. ONA 
amplification reaction #1 copies the VmoTAG sequence and adds a D "S^ 6 "^'^. 6 ^^ 
amplification reaction #2 copies the murine intron sequences containing , the **** *** enhancer 
sequences and adds the D and J segments encoded within oligo 3. The ampHfied products from eact.on 1 
and 2 are gel purified, combined end otigos 1 end 4 are added to Initiate reaction #3. In roacOon 3.^ the 
products of reactions 1 and 2 anneal across their common D sequences. Subsequent DNA amplification 
from otigos 1 and 4 yields the product shown at the bottom of Figure 38. This ^ment Is^ digest* d with 
fcoRI and gel purified. The modified VmoTAG fragment is ligated Into the EcoRl site of PS^SPW 1 ^ 3 ) « 
described In the above example "Heavy Chain Chimeric Constructs". The entire V^G^enhancer 
containing fragment is sequenced completely to ensure that no mutations have been ,n ^ u ^ d ^ n ^ 
DNA amplification reactions. The other three heavy chain y •wtypescan be generated ^^«ng ^ same 
modified V„»TAG fragment into the other three 7 containing pSV2gpt vectors (pSV2gpHr2; pSV2gptnr3. 
P SV2gpt-y4). 



35 
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45 



Expression of the Modified VhqTAG Gene 

The modified V„aTAG gene containing plasmids can be linearized with Wdei and Introduced via 
electroporation into the chimeric CC49 or CC83 light chain expressing cell lines (see example above. C. 
TaVo^Transformations-. The transformed cells are selected for growth in the presence of Genebcin and 
mycophendic acid as outlined above in "C. Targeted Transformations- ; _ The ^ Presence of expressed 
arrtibody Is monitored by TAG72 EUSA (see section In RESULTS, Enzyme-Unked ^unoassays (EUW 
The expressed antibody from these cells win contain human lg y U constant regions with the CC49 or 
CC83 Dght chain variable region and a heavy chain variable region from the modified V^TAG germllne V„ 

Four examples of modified V^TAG heavy chain variable region constructs having a variety of D and J 
segments are shown below; 



so 


V H Segment 


D Segment 


J 

Segment 




Vh«TAG « 


mouse D (SP2-3) 


mouse J 




V„*TAG#ii 


human D (D1) 


mouse J 




Vm<xTAG #IH 


mouse D (SP2.3) 


human J 


65 


VhoTag rtv 


human D(01) 


human J 



The sequence of the human D sequence D1 Is obtained from Siebeniist et al.. Nature. 294*31 (1981). The 
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sequence of (he human JhI obtained from Revetch et al„ Cell ZT, 583 (1 881). 

The generation of VmbTAG #1 is described with Ihe above diagramed crfigos 1 through 4. To generate 
VhoTAQ #ii through -rv the corresponding D and J segments need to be changed In ollgoa 2 and 3. The 
following oligos delineate these changes. Substitution of these ofigos in reaction #1 and reaction #2 win 
s result in the generation of the V„aTAQ #ii through -hr. 



VwaTAG #U 

ro ORgo 2 5 CAGTGTATTTCTGTAAAAGAGTACTGGTG GTGTAT (34 mer) 

OBgo 3 5' QTACTGGTGGTGTA TTGGGGTCAAGQAACO 

TCAGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 



15 



VhoTAG #ui 

OUgo 2 5' CAGTGTATTTCTGTAAAAGATCTACTATGGTTACG (35 mer) 
Ofigo 3 5 TCTACTATQGTTACG TGGGGCCAGGGCACC- 

CTGGTCACCGTCTCCTCAG GTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 

20 VwaTAG #tv 

Oligo 2 5' CAGTGTATTTCTGTAAAAGAGTACTGGTGGTGTAT (35 mer) 

Oiigo 3 5' GTACTGGTGGTGTAT TGGGGCCAGGGCACC- 

CTGGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 



25 



Results 



so A. Chimeric Antibody Producing Cell Lines 

Slmuttaneous detection of heavy and Gght chains was accomplished using two probe antibodies: 

1) Goat anti-human kappa labeled with the fluorescing dye FITC and; 

2) Goat anti-human IgG labeled with the fluorescing dye TRITC. 

35 Cell lines having positive responses for both heavy and Dght chains were tested further for associated 
chimeric ImmunoglobuDn production and biological activity viz. binding to TAG72. 



Enzyme-Linked immunoassays (EUSA) 

40 

In order to select a transformed cell producing a chimeric monoclonal antibody, the ELISA technique 
was employed. Clones containing the heavy chain and light chain drug selection constructs were selected 
by their growth In selective culture medium. The following cell lines were tested (1) CH44-1: a cell line 
having CC49 V* CC49 V u and constant region of Igd; (2) CH44-2: a cell line having CC49 V* CC49 V u 

<s and constant region of IgGa; (3) CH44-4: a cell Brie having CC49 V* CC49 V L . and constant region of IgG*; 
(4) CH8&-1: a coll line having V„. CC83 V L . and constant region of IgGi; (5) CK88-2: a eel line having CC83 
V„, CC83 V u and constant region of kjGfe; (6) CH88-3: a cell fine having CC83 V* CC83 V Lf and constant 
region of IgGn (7) CH88-4: a cell line having CC83 V* CC83 Vt, and constant region of IgG*; (8) CHB4-1: a 
ceO Bne having CC83 Vh, CC49 Vu and constant region of IgGi; (9) CHB4-2: a cell line having CC83 V H .* 

so CC49 V L . and constant region of IgG?; (10) CH84-3: a cell Dne having CC83 V M . CC49 V u end constant 
region of IgGi; and <II) CH84-4: a cell Gne having CC83 Vh. CC49 V u and constant region of IgG*. 

Supematants of these cultures were subjected to EUSA. The presence of chimeric amVTAG72 antibody 
was measured directly by reaction of an excess of goat anti-human IgG antibody labeled with an enzyme 
such as alkaline phosphatase, after aOowtng the chimeric am>TAG72 antibody to bind to microliter weds 

55 coated with antigen (TAG72). AmVTAG72 activity was determined as a criterion for successful recom- 
bination. 

After growth for 14 days, 50 ul of supernatant was removed from the wells of the eubcloned cells and 
re-assayed for TAG binding by EUSA. Samples of supernatarrts (50 lit) from drug resistant ceO fines were 
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applied to wells of Nunc Imrnuton 96-wetl plates which had previously been coated wtth TAG antigen (1/50 
dilution). After washing to remove unbound material, the wells were Incubated with Goat Anti-Human kjG 
antibodies conjugated with Alkaline Phosphatase (GAHlgG-AP) as a probe to detect the human constont 
regions of the chimeric antibodies which had bound to the TAG antigen immobilized on the plate. Another 
6 washing to remove unbound probe (GAHIgG-AP), followed by addition of a chromogenic alkaline 
phosphatase substrate, allowed color to develop in those wells which possessed TAG binding associated 
with human constant regions (I*., chimeric anti-TAG72 antibodies). Absorbance readings at 405 nm indicate 
the relative amount of chimeric antibody produced by the drug-resistant cell fines. 



10 



is 



CH44-1 



Anti-TAG72 activity was used as a criterion for successful recombination. Wells of microliter plates were 
coated with TAG by Incubating 50 ul of a 1:75 dilution of purified TAG72 [Muraro, R„ et al.. Cancer 
Research 4a, 4588-4596 (1988)] for 18 hours at room temperature. The wells were then washed 4 times 
with phospKate buffered saline (PBS), and then blocked with BSA. by Incubating 50 ul of 0.5 percent BSA 
in PBS for 2 hours at 37* C. followed by washing 4 times with PBS. These plates are stable if kept moist at 
4* C 50 microliters of sample are then applied to each wen. A Wank containing fresh medium Is used as a 
control. All of the samples were incubated either in the plate for 60 minutes at 37 C or ovemigW at 4 Cm 

20 a closed container. L A ,„ „ 

The plates were then washed 4 times with PBS, and goat anti-human IgG-alkaBne phosphate (Southern 
Biotech Assoc,) was applied to each well by adding 50 ul of a 1:250 dilution. The solution was incubated at 
37 'C for 90 minutes. Color development was monitored after washing the plates 4 times with PBS to 

remove the probe. ^ . „ 

25 Tne substrate was incubated in 200 ul solution of substrate p-nitrophenyl phosphate {Mrkegaard & 

Perry) in ethanolamine buffered saline for 6 minutes at room temperature for color development The optical 

density at 450 nm of each welt was read by a Dynatech microplate reader (Dynatech Inc.). 

The Sp2A) colonies In wells with supematants having TAG72-c4ndIng chimeric antibody activity were 

subctoned by limited dilution. Individual subclones were chosen on the basis of relatively high production of 
so chimeric antibody. 



CH44-2 

The TAG-EUSA procedure used with CH44-1 was repeated wfth the exception that the antibody was 
CH44-2. 



CH44-3 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-3. 



43 CH44-4 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-4. 

so 

CH86-1 

The TAG-EUSA procedure used wtth CH44-1 was repeated with the exception that the antibody was 
CK8S-1. 

** 

CH88-2 
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The TAG-EUSA procedure used with CH44-1 was repeated with' the exception that the antibody was 
CH8&-2. 



6 CH88-3 

The TAG-EUSA Procedure used with CH44-1 was repeated with the exception that the antibody was 
CH8S-3. 



10 

CH8S-4 

The TAG-EUSA Procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-4. 

is 

CHS4-1 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
20 CH84-1. 



CHS4-2 

25 The TAG-EUSA procedure used with CH44-1 was repeated witn the exception that the antibody was 
CH84-2. 



CH84-3 

30 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-3. 



55 CH84-4 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-4. 

40 

CH48-1 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-4. 

45 

B. tn vivo Cardnoma Targeting 

The chimeric monoclonal antibodies used In animal studies and shown In Tables 1- 4 below were 
so labeled with Na ,25 l using todogen (Pierce Chemical, Rockford. IL). More spectfteaDy, from about 05-2 mg of 
punned chimeric monoclonal antibodies were adjusted to about OS ml 0.1 M sodium phosphate buffer (pH 
72) end then added to a 12 cm x 75 cm glass tube coated with 50 ug of todogen followed by addition of 
from 0.1 -QJ5 md of Na^l (New England Nuclear, Boston, MA). After a 2 min Incubation at room 
temperature, the protein was removed from the insoluble todogen. and the imincorporated ia5 l was 
68 separated from the antibody by gel filtration through a 10 mL column SephadexTu G-25 using PBS as the 
buffer. The lodlnation protocol yielded labeled IgG chimeric antibody with a specific activity of 0.05 to 0.2 
uCt/lig. 

Female athymlc mice (nu/nu) on a CD1 background were obtained from Charles River at approximately 
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70 



4 weeks of age. Nine days later, mice were Inoculated subcutaneously (0.1 mL/mouse) with LS174T cells (1 
x 10* cells/artfmaJ). 

Alhymic mice bearing carcinomas 70 to 400 mg In weight approximately 12 to 13 days after Inoculation 
of Ihe cells were given injections Intravenously of from 05 to 2S> uCi (10-50 ug protein) in PBS of the 
chimeric monoclonal antibodies, which had been lodinated as described above. Groups of five mice were 
sacrificed at varying times by exsanguination. the carcinoma and normal tissues were excised and weighed, 
and the cpm were measured In & gamma counter. The cpm/mg of each tissue was then determined and 
compared to that found In the carcinoma. 

The results for CH44-1 are shown in Tables 1-2. and Figures 39A, 39 B, and 39C. The results for CH84- 
1 are shown in Tables 3-4. and Figures 40A and 40B. 



Percent Injected Dose Per Oram of 1c Habeled Antibody 



Table 1 



so 



25 



SO 



Tissue 


CH44-1 


0.75 
Hour 


23.5 
Hours 


49.5 
Hours 


122 
Hours 


blood, total 


29.70 


15.84 


8.09 


7.31 


Liver 


6.13 


4.13 


2.19 


1.98 


Spleen 


6.19 


3.39 


2.12 


1.36 


Kidney 


4.35 


230 


152 


1.33 


tumor 


3.31 


25.95 


28.83 


44.16 


lung 


7.34 


5.39 


2.90 


2.36 


tumor.wt 


0.18 


0.12 


0.09 


0.11 



35 As shown in Table 1 . at approximately 122 hours post-Injection, the percent injected dose to tumor for 
CH44-1 was 44.18 percent CH44-1 was. therefore, efficient in targeting the human tumor In-sttu, This 
demonstrates that the chimeric monoclonal antibodies of the present Invention were efficient for in vivo 
carcinoma targeting and thus are useful for in vivo treatment of cancer. 



40 



Percent Injected Dose Per Organ of l2S l-Ubeled Antibody 



45 



60 



60 
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Table 2 



to 



is 



Tissue 


CH44-1 


0.75 
Hour 


233 
Hours 


493 
Hours 


122 
Hours 


blood, total 


47.72 


23.03 


13.29 


12.01 


Uver 


10.07 


5.20 


3.20 


2.69 


Spleen 


1.09 


0.48 


025 


022 


Kidney 


1.25 


0.72 


0.42 


0.40 


tumor 


0.57 


3.08 


2.82 


4.55 


lung 


1.20 


0.87 


0.57 


0.37 


Gl tract 


6.64 


4.78 


3.96 


2.83 


carcass 


43.17 


49.68 


35.35 


29.95 


whole body retention 


91.30 


76.34 


53.28 


48.20 



As shown In Table 2, at 122 hours post-injection, the percent of injected dose tumor for CH44-1 was 
4.55 percent. CH84-1 was, therefore efficient in targeting the human tumor in-situ. This demonstrates that 
25 the chimeric monoclonal antibodies of the present invention were efficient for In vivo carcinoma targeting 
and thus were useful in in vivo treatment of cancer. 

Percent Injected Dose Per Gram of '^Labeled Antibody 

90 

Table 3 



35 



40 



45 



Tissue 


CH84-1 


1 Hour 


23 
Hours 


47 
Hours 


118-119 
Hours 


blood 


30.68 


1535 


6.74 


6.49 


Uver 


12.55 


4.26 


235 


1.57 


Spleen 


10.93 


335 


236 


1.70 


Kidney 


5.59 


231 


133 


135 


tumor 


4.06 


2032 


1738 


30.27 


tung 


10.77 


430 


238 


2.24 


tumor ,wt. 


0.15 


022 


0.20 


024 



As shown In Table 3. at approximately 118 hours post-injection, the percent of injected dose to tumor 
for CK84-1 was 3057 percent CH84-1 was, therefore, efficient in targeting the human tumor In-sltu. This 
demonstrates that the chimeric monodonaJ monoclonal antibodies of the present Invention were efficient for 
bl vivo (^rctnoma targeting and thus were useful in in vivo treatment of cancer. 



Percent Injected Pose Per Organ of ^Labeled Antibody 
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Table 4 



Tissue 


CH84-1 




1 Hour 


23 
Hours 


+ f 

Hours 


Hours 


blood, total 


45.98 


22.11 


10.08 


937 


Uver 


13.64 


534 


3.13 


134 


Spleen 


135 


0.49 


032 


0.16 


Kidney 


139 


0.62 


038 


038 


tumor 


0.59 


4.33 


3.63 


7.02 


lung 


1.77 


0.89 


0.42 


031 


01 tract 


7.38 


4.92 


3.41 


2.32 


carcass 


4433 


52.18 


3032 


24.06 


whole body retention 


93 58 


81.00 


47.14 


45.48 



As shown in Table 4, at approximately 118 post-injection, the percent of injected dose to tumor for 
CH84.1 was 7 02 percent. CH84-1 was, therefore, efficient In targeting the human tumor In-situ. Thw 
demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for in vivo 
carcinoma targeting and thus were useful in In vivo treatment of cancer. 



Deposit of Cell fines Producing Chimeric Antibodies 

Eleven illustrative cell lines secreting chimeric antibodies, all having a kappa light chains, made by the 
ebovTe^mples were deposited at the American Type Culture Collection (ATCC) on ^ober 1*1*8* 
Specifically, the following cell lines have been deposited: (1) CH44-1: a cell line 

LTco^ant region of (ATCC No. HB 9884); (2) CH44-2: a «^ving <^9 V h. CC49 V, an 
constant region of lgG2 (ATCC No. HB 8880); (3) CH44-4: a cell Dne having CC49 V„. CC49 V u and 
"n^nt r^on of lg\ (ATCC No. 9877); (4) CH88-1: a cel. fine having V. CGB3 Vu xomM reg.on 
tflgG, (ATCC No 9882); (5) CH88-2: a cell Bne having CC83 V„. CC83 V. and constant region , ■ 
(ATCC No. 8881); (6) CH88-3: a cell fine having CC83 Vh, CC83 V„ and <^ J^*** < k ™?± 
9876); (7) CH88-4: a cell tine having CC83 V„, CC83 V L , and « 2S«® 

CH84-1: a cell line having CC83 V„ CC49 V u and constant region of IgGt t^^J^S^.?^ ' 
wn ftne having CC83 V* CC49 V L . and constant region of IgQ, (ATCC No. 8879); (10) CH84-3: a cell line 
SJEToS X rSl9 *Vu end constant region of IgG, (ATCC No. 9878); and (11) CHB*4: a cell line 

having CC83 V Hl CC4S V u and constant region of IgG* (ATCC No. 9875). 

"eWn invent is not to be limited in scope by the cell flnes deposited since the deposited 
embaZT^ intended as a single illustration of one aspect of ^Invention and all cell fines wtachere 
functionally equivalent are within the scope of the Invention. Indeed, wrule this Invention 
SSl and^reference to specific embodiments thereof. It wiP be apparent to «" e j" Il ^ ,n ^^ 
various changes and modifications could be made therein without departing from the spirit and scope of the 

appended claims. 



Claims 



1. An antibody or antibody fragment comprising: 
a variable regT having a Hght chain OA) and a heavy chain (Vh), said V„ being encoded by a DNA 
sequence effectively homologous to the V^TAQ germfine gene (V^TAO), u . . 

^nuZa^ble region binds to TAG72 at least 25% greater than the variable region of B723 binds to 
TAG72, with the binding affinities of the antibody and B723 being measured by the same technique. 
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2. The antibody or antibody fragment of Claim 1, wherein: 

(A) the Vl is encoded by an animal V gene segment and an animal J gene segment; and 

(B) the V M Is further encoded by an animal 0 gene segment and an animal J gene segment 

3. The antibody or antibody fragment according to Claim 2, wherein the light chain J segment s 
encoded by a gene selected from murine and human J gene segments. 

4. The antibody or antibody fragment according to Claim 2, wherein the heavy chain D gene segment Is 
encoded by a gene selected from murine and human D gene segments, and the J gene segment is 
encoded by a gene selected from murine and human J gene segments. 

5. The antibody or antibody fragment of Claim 1. wherein the variable region Is derived from the 
variable regions of CC46, CC49. CC83 or CCB2. 

8 The antibody or antibody fragment of Claim 1 , wherein the variable region comprises (1 ) complemen- 
tarity diversity regions (COR) being encoded by a gene derived from the V„aTAG, and (2) framework 
regions, adjacent to the COR regions, derived from human genes. 

7. The antibody or antibody fragment of Claim 1, further comprising a constant region having at least a 
portion of a human Bght chain (CJ and a human heavy chain (Cm). 

B. The antibody or antibody fragment of Claim 7, wherein the Ch Is IgGi-*. taM. IgA, IgD or IgE. 

9. The antibody or antibody fragment of Claim 7, wherein Cl Is kappa or lambda. 

10. The antibody or antibody fragment of Claim 1. wherein It Is produced by a cell line from CH44-1. 
CH44-2, CH4+4. CH88-1. CH88-2. CK88-3. CH88-4, CH84-1. CH84-2, CH84-3 or CH84-4. 

11. An antibody or antibody fragment conjugate comprising antibody or antibody fragment of any one of 
Claims 1 through 10 conjugated to an Imaging marker. • 

12. The antibody or antibody fragment conjugate of Claim 1 1 . wherein the imaging marker Is I, I. 
m , iii^ iosHh | i5ism. C7 Cu l S7 Ga, lCC Ho a '"Lu.^'Re, '"Re or "Tc. 

' 13. A antibody or antibody fragment conjugate comprising the antibody or antibody fragment of any one 
of Claims 1 through 10 conjugated to a therapeutic agent 

14. The antibody or antibody fragment conjugate of Claim 13, wherein the therapeutic agent is a 
radionuclide, drug or biological response modifier, toxin or another antibody. 

15. The antibody or antibody fragment conjugate of Claim 14, wherein the radionuclide is I. y, 
'"Rh * T Sc "Cu 2 "Bi. ^'At "Ga, ,as l. '"R©. '"Re. ,,7 Lu. WmTc « lS3Sm ' W| v " ,|n - 

16. The' antibody or antibody fragment conjugate of Claim 14, wherein the drug or biological response 
modifier is methotrexate, adriamycin or h/mphoWne. 

17. A DMA sequence encoding at toast a portion of an antibody heavy chain, 

said sequence comprising a DNA sequence segment being effectively homologous to the V„aTAG germlme 

Uwin^DNA sequence segment encodes at toast a portion Of a heavy chain variable region (Vh). 

18. The DNA sequence of Claim 17. wherein the sequence further comprises a DNA sequence segment 
animal D genes and a DNA sequence segment of animal J genes. 

19. The DNA sequence of Claim 18, wherein the DNA sequence encoding the V H Is derived from 
sequences encoding the V„ regions of CC46, CC49. CC83. and CC92. 

20 The DNA sequence of Claim 18, wherein the sequence encodes for a V H having (1) at least one 
complementarity diversity region (COR) encoded by a gene effectively homologous to the V„«TAG t and (2) 
framework regions, adjacent to the COR regions, encoded by a human gene. 

21. The DNA sequence of Claim 17, further comprising sequence segment encoding tor at least a 
portion of a human heavy chain constant region (Cm). 

22. The DNA Sequence of Claim 21, wherein the sequence segment encodes for at toast a portion oi a 
Ch gene encoding IgGi-*, IgM. IgA, IgD or IgE 

23. A DNA sequence comprising: 

(A) a sequence segment encoding for an antibody or antibody fragment heavy chain, said sequence 

f^a^ue^sur^gment being effectively homologous to the V„»TAG germline gene (VhoTAG). wherein 
the DNA sequence segment encodes at toast a portion of a Vh, and 
(2) a sequence subsegment encoding for at toast a portion of a Ch; end 

(B) a sequence segment encoding for an antibody or antibody fragment light chain, said sequence segment 

{JjTs^ncesub^ Oght chain variable region fA), and 

(2) a sequence subsegment encoding for at toast a portion of a human light chain constant region (d), 
wherein the antibody or antibody fragment encoded by the DNA sequence binds to TAG72 at least 25% 
greater than the variable region of B7£3 binds to TAQ72, with the binding affinities of the antibody and 



50 



EP 0 365 997 A2 



B723 being measured by the same technique. 

24. The DNA sequence of Claim 23, wherein the sequence segment encoding for at least a portion of a 
Ch gene encoding lgGi-4, IgM, IgA, IgD or IgE. 

25. The DNA sequence of CtaJm 23. wherein the sequence segment encoding for at least a portion of a 
8 Ct gene encoding kappa or lambda. 

26. A biologically functional expression vehicle containing the DNA sequence of any one of Claims 17 
through 25. 

27. A cell transformed with the biologically functional expression vehicle of Claim 26. 

28. A cell which comprises the characteristics of a ceD of CH44-1, CH44-2. CH44-4. CH88-1. CH88-2, 
10 CK88-3. CH88-4. CHB4-1 , CH84-2. CHS4-3 or CH84-4. 

29. A composition comprising the antibody or antibody fragment of any one of Claims i through 10. in 
a pharmaceutically acceptable, non-toxic, sterile carrier. 

30. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 11 
through 12, in a pharmaceutics Ry acceptable, non-toxic, sterile carrier. 

ts 31. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 13 
through 16. In a pharmaceuticalry acceptable, non-toxic, sterile carrier. 

32. A process for preparing an antibody or antibody fragment which comprises contacting a V M region, 
as denned In Claim 1. with a V L region, as defined *m Claim 2. to form a variable region of the antibody or 
antibody fragment 

so 33- A process for preparing an antibody or antibody fragment conjugate which comprises contacting an 
antibody or antibody fragment, as defined in any one of Claims 1 through 10, with an imaging marker or 
therapeutic agent 

34. A process for preparing a recombinant expression vehicle which comprises inserting a DNA 
sequence, as defined In any one of Claims 17 through 25. into an expression vehicle. 
25 35. A process for preparing a transformed host which comprises inserting the expression vehicle, as 
defined In Claim 26. into a suitable host 
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CC-92 Liaht Chain Variable Rector Sequence 

GACrrCA'CAGATCCAGGTCCTTtGTATTCGTGTTTaaGGTTGTCTGGTGTTGACGGAGA 
CATTGTGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGTCAGCA 

CACCTGCAAGGCCAGTCAGGATGTGAGTAGTGCTGTAGGGTGGTTTCAACAGAAACCA 
GG 

ACAATaCCTAAATTACTGA7T7AT7CGGCATCC7ACCGG7ATACTGGAGTCCCTGATCG 
CTTCAO'GGCAGTGGATCTCGGACGGATTTCACTTTCACCATCACCAGTGTGCAGGCTGA 
AGACC7GGCAGTTTA7TACTGTCAGCAACATTATAGTAGTCCGCTCACGTTCGGTGCTGG 
GACCAAGC7GGAGCTGAAAC ,, 



FIG.6a 
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Mouse !g kaopa germline J-C region, J1 to iS 

AAGCTTTCGCCTACCCACTGCrCTGTTCCTCTTCAGTGAGGAGGCsi 1 1 1 IGTACAGCCAG 

ACAGTGGAGTACTACCACTGTGGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAA 

AC 

GTAAGTAGAATCCAAAGTCTC i hCI ICCGTTGTCTATGTCTGTGGCTTCTATGTCTAAA 

AATGATGTATAAAATCTTACTCTGAAACCAGATTCTGGCACTC7CGXAGGCAAAGATAC 

A 

GAGTAACTCCGTAAGCAAAGCTGGGAATAGGCTAGACATGTTCTCTGGAGAATGAATG 
CC 

AGTGTAATAATTAAC ACAAGTG ATAGTTTCAGAAATG CTCA AAG AAGCA G G GTAGCCT 
GC 

CCTAGACAAACCrTTACrCGGTGCrCAGACCATGCTCAGTrrrTGTATGGGGGTTGAGTG 
AAGGGACACCAGTGTGTGTACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACG7 
AAG 

TAGTCTTCTCAACTCTTGTTCACTAAGTCTAACC 1 1 (a I AAG7TG i Id 1 1 GTTGTGTGT 
1 1 1 Ki I AAGGAGATTTCAGGGAT7TAGCAA A7TC CVT7C7CAG ATCA GG7GTTAAGGAG 
GGAAAACTGTCCCACAAGAGG77GGAATGATTTTCAGGCTAAATTT7AGGCTTTCTAAA 

CAAAGTAAC7AAACTAGGGGAAGAGGGATAATTG7CTACC7AGGGAGGGTT7TGTGGA 
GG 

TAAAGTTAAAATAAATCACTGTAAATCACATTCAGTGATGGGACCAGACTGGAAATAA 

AA 

CCTAAGT ACATTTTTGCTCAACTGCTTGTG AAGTTTT G GTCCCATTG7GTCCTTTGTATG 
AGTTTGTGGTGTACATTAGATAAATGAACTATTCCTTGTAACCCAAAACTTAAATAGAA 

G 

AGAACCAAAAATCTAGCTACTGTACAAGCTGAGCAAACAGACTGACCTCATGTCAGATT 

GTGGGAGAAATGAGAAAGGAACAG77T7TCTCTGAACTTAGCCTATCTAACrGGATCGC 

C 

TCAG GC AG GT7TTTGTAAAG GG G G GCGCAGTG ATATG AATCAC7GTG ATTCACGTTCG G 

TCGGGGACAAAGTTGGAAATAAAACGTAAGTAGACTTTTGCTCA777ACTTGTGACGTT 
T 

TGGTTCTGTTTGGGTAACTTGTGTGAATTTGTGACATTTTGGCTAAATGAGCCATTCCTG 
GCAACCTGTGCATCAATAGAAGATCCCCCAGAAAAGAGTCAGTGTGAAAGCTGAGCGA 

AA 

AACTCGTCTTAGGC7TCTGAGACCAGTTTTGTAAGGGGAATG7AGAAGAAAGAGCTGG 

GC 

TTTTCC7C7GAATTTGGCCCATCTAG7TGGACTGGCTTCACAGGCAGGi i i . iG i AGAGA 
GGGGCATGTCATAGTCCTCAC7GTGGCTCACGT7CGGTGCTGGGACCAAGCTGGAGCTG 

A 

AACGTAAGTACACTTTTCTCAT Ct 1 1 1 1 1 1 ATGTGTAAGACACAGG7TTTCATG7TAGGA 
G7TAAAGTCAGTTCAGAAAATCT7GAGAAAATGGAGAGGGCTCATTATCAGTTGACGT 

GG 

CATACAGTGTCAGATTiTCTGTTTATCA^GCTAGTGAGATTAGGGGCAAAAAGAGGCTT 

AGTTGAGAGGAAAGTAATTAATACTATGGTCACCATCCAAGAGA7TGGATCGGAGAAT 
AA 

GCATGAGTAGTTATTGAGATCTGGGTCTGAC7GCAG* 



FIG. 7 



EP 0 365 897 A2 




FIG. 8 



EP 0 365 997 A2 




FIG.9 
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Mouse !g germiine J-H genes from pNP3 

GCCTCCATCTGAGATAATCCTGGAGCCCTAGCCAAGGATCATTTATTG7CAGGGGTC7AA 
TCATTG7TGTCACAATG7GCCTG GTTTGCTTACTG GGGCCAAG GG ACTCTG GTCAC7GTC 
TCTG CA G GTG A GTCCT AA CTTCTCCC ATTCT A A ATG CATGTTG GG G G G ATTCTG A G CCTT 
CAGGACCAAGATTC7CTGCAAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGA 
G 

ACATGGGTCTGGG7CAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG 

ATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATC7TGTCCAGGG 

TATCG G ACTCTTGTG AG AA7TAG G G GCTG ACAGTTG ATGGTG ACAATTTCA G G GTCA GT 
G 

ACTGTC^GGTTTaCTGAGGTGAGGaGGAATATAGGTCACCTTGAAGACTAAAGAGG 
GG 

TCCAGGGGCTTTTCTGCACAGGCAGGGAACAGAATGTGGAACAATGACT7GAATGGTT 
GA 

TTCTTGTGTG ACACC AAGAATTGGCATAATGTgGAGTTGCCCAAGGGTGATCTTAGCTA 
GACTCTGGGGi i i I I GTCG G GT A CAG AG G A A A AA CCCA CTATTGTG ATT A CT A TGCT A TG 

GACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAG 
G 

^CTTTATTTTTAACCTTrGTTATGGAGTTrrcrGAGCATTGCAGACTAATCTTGGATATT 

TGCCCTGAGGGAGCCGGCTGAGAGAAGTTGGGAAATAAATCTGTCTAGGCATCTCAGA 
GC 

CrrrAGGACAGATTATCTCCACATCTTTGAAAAAC r AAGAATCTGTGTGATGGTGTTGGT 
G G AGTCCCTG G ATG ATG G G ATAG G GACTTTG G AG GCTCATTTG AG G G AG ATGCTA AAA 
CA 

ATCCrATGGCrGGAGGGATAGTTGGGGCTGTAGTTGGAGATTTTCAGTTTTTAGAATGA 



A 



CTATTAGCT<3CAATACTTCA^ 

CATAGGGACAAAAAGTGGAGTGGGGCACI 1 4 CI t i'AGATTTGTGAGGAATGTTCCACAC 

AGA7TGTTTAAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA 
A 

AGGCATCTAGCCTCGGTCTCAAAAGGGTAGT7GCTGTCTAGAGAGGTCTGGTGGAGCCT 

G 

CAAAAGTCCAGCTTTCAAAGGAACACAGAAGTATGTGTATGGAATATTAGAAGATGTT 
GC 

TTTTACTCTTAAGTTGGT TCCTAGG AAAAATAGTTAAATACTGTGACTTTAAAATGTGAG 
AGGGTTTTCAAGTACrCATTTrTTTAAATGTCCAAAATTTTTGTCAATCAATTT 

p'GTTTGTGTAGAACTGACATTACTTAAAGTTTAACCGAGGAATGGGAGTGAGGCTCTC 
i 

^TACCCTATTCAGAACTGACTrrrAACAATAATAAATTAAGTrTAAAATATTTTTAAAT 

GAATTGAGCAATGTTGAGTTGAGTCAAGATGGCCGATCAGAACCGGAACACCTGCAGC 
AG 

CTGGCAGGAAGCAGGTCATGTGGCAAGGCTATTTGGGGAAGGGAAAATAAAACCACT 
AGG 

TAAACrTGTAGCTGTGGTTTGAAGAAGTGGTTTTGAAACACTCTGTCCAGCCCCACCAAA 

CCGAAAGTCCAGGCTGAGCAAAACACCACCTGGGTAATTTGCATTTCTAAAATAAGTTG 
A 

GGATTCAGCCGAAACTGGAGAGGTCCTCrTnAACTTATTGAGTTCAACCrTTTAATTTT 

AGCTTGAGTAGTTCTAGTTTCCCCAAACrTAAGTTTATCGACrrCTAAAATGTATTTAGA 
ATTC" 

7 

FIG. 13 
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Human Heavy Chain Constant Regions 
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